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ABSTRACT 
INVESTIGATION INTO PERPENDICULAR ANISOTROPY 
COBALT-CHROMIUM FILMS WITH APPLICATION TO 
WINCHESTER COMPUTER DISCS 
by 
NADER MAHVAN BSc, MSc , 
RF-spUttered CoCr films have been characterized for 
a variety o f deposition conditions, and the most effective 
parameters which bring about perpendicular anisotropy have 
been evaluated. In particular bias sputtering has been 
noted for its role in improving the crystallographic 
orientation and magnetic properties when applied to the 
substrate at certain values, hence the root mechanism of 
the observed improvement has been, as far as possible , 
investigated . These investigations have, in particular, 
focused on the extent to which impurity gases are likely to 
effect the magnetic properties of sputtered films, as well 
as quantifying t;.he gas contents of the films using as yet 
unexploited (in this area) method of thermal desorpt ion 
experiments. 
In a further attempt to quantify tolerable level of 
impurity species in the sputtering environment , impurity 
gases of nitrogen, oxygen and hydrogen, which are commonly 
present even in high vacuum systems, were intentionally 
introduced in the sputtering chamber and their effects on 
both magnetic and crystallographic properties of CoCr were 
noted . 
To measure the perpendicular and in-plane magnetic 
properties of CoCr , a combined polar-transverse Kerr magne-
to-optic system was costructed , through which direct magne-
tic measurement of CoCr/NiFe becomes feasible . This method 
was further exploited to compare volume and surface magne t -
ic properties of CoCr , as measured using a V. S.M and this 
M-O system . 
Finally , a CoCr/NiFe W1nchester disc was fabricat-
ed on which a recording experiment was successfully 
performed. 
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CHAPTER "1" 
Introduction to perpendicular 
recording 
l 
1.1.Introductory Remarks 
Since the first demonstration that a magnetic medium 
can be used to record information by Valdemer Poulsen in 
1898, researchers have been striving to achieve higher and 
higher recording densities. This search has manifested 
itself in many varied and vivid forms - from the first 
steel wire recording to ubiquitous magnetic tape and 
finally to the present high-tech Winchester Discs. 
In figure (1.1) a conventional recording system is 
shown, consisting of a recording medium with "in-plane" 
magnetization and a "ring head" for writing and reading the 
information. 
in the write mode the head acts as a transducer that 
converts electrical signals into time dependent 
magnetization patterns wh1ch are then transfered onto the 
recording medium by means of fringing magnetic fields. Its 
requirements are, therefore, low remanence in order to 
avoid unwanted writing, followed by small coercivity for 
exclusion of hysteresis losses. Such low coercivity 
materials are said to be "soft". 
For its part, the magnetic medium retains this field 
after i t has been removed through its remanence and 
protects the data against stray fields if a material with 
the large coercivity is selected. However, if the 
2 
coercivity is too high the medium cannot be written upon. 
When the data are being read out , i.e in the read 
mode, the magnetic field lines (flux) permeate the core and 
produce an induced voltage. 
In the digital world,the need for a data storage 
system that offers rapid access to data at any location in 
the file has meant moving to magnetic discs, and the desire 
for smaller systems has necessitated drastic increase in 
the capacity of the existing ones. For the latter, however, 
four limiting cases have to be considered: 
a) The dimension of the head 
It is obvious that reducing the dimensions of the 
head in general and that of the head gap in particular can 
lead to an increase in bit density. 
The minimum distance between the head and the medium which 
is set by the medium's and the head's surface roughness 
imposes a limit to this extreme scaling. 
head gap dimension and head-to-medium 
Yet, presently, 
distance of 0 . 15 
micron and 0 .1 micron are easily obtainable. 
b)"Demagnetization"in the medium 
In the conventional longitudinally magnetized 
medium, the most limiting constraint to high bit density is 
effected due to the phenomenon of demagnetization which can 
be categorized as~ 
3 
i)Recording demagnetization 
The finite gradient of the horizontal component of 
the writing head field tends to demagnetize asymmetrically 
the previously recorded magnetization transitions at high 
bit densities. The signal versus write current response of 
all longitudinal media exhibits a peak at high bit 
densities which becomes sharper and shifts to lower write 
currents as the bit density is increased (figure(1. 2 ) [1] . 
ii) Self and adjacent bit demagnetization 
As the bit density is increased , self 
demagnetization increases sharply because the aspect ratio 
of the bit becomes increasingly less and less favourable . 
Due to negative interaction between adjacent bits in 
longitudinal recording, the field from each bit tends to 
demagnetize its neighbors, with the consequence of 
spreading the magnetization transition region and 
decreasing signal output and resolution . 
In the early 70's, Iwasaki discovered that high 
density recording is inhibited by the nucleation of 
flux-closure ins i de the medium. He named this flux-closure 
phenomenon the "Circular Magnetization Mode", [1.5], which 
is indeed another aspect of recording demagnetization. An 
obvious disadv antage is that t he flux a vai la b l e for 
4 
Figure (1.1). A conventional recording system , e mploying 
a "ring head", which exploits the longitudinal mode of 
magnetization . 
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Figure (1. 2 ) . A typical ou t put Vs . r e cord current for a 
longitudinal recording mode , showi ng a decrease as the 
rec ording frequency is increased ( After I wasaki [ 1 ]) . 
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reproduction is reduced. 
In order to suppress this detrimental magnetization 
mode, three steps can be taken~ 
1) Use a medium with strong in-plane anisotropy. 
This is in response to the increase in 
''magnetostatic energy"caused by the demagnetization and, in 
effect, acts to counterbalance the detrimental effects of 
the demagnetization. 
2) Use a medium with high coercivity. 
However, in the limit, we are led to a medium on 
which we cannot write because of its extremely high 
coercivity. 
3) Scale down the medium thickness to a minimum. 
this use of extreme ly thin films is equivalent to 
providing the medium with strong "shape anisotropy" so that 
the magnetization easy axis is in-plane. 
However, this imposes severe constraints in the 
fabrication of the medium because of the impact on the 
media imperfections, defects, yields, durability, and cost. 
It will also mean a reduction in the signal resulting from 
the decrease in magnetization. 
6 
--------- ---
An alternative approach is to develop a medium that 
will support perpendicular magnetization. 
Several research efforts towards perpendicular 
recording took place during the late SO's [2 , 3]. None of 
those analysis was successful in demonstrating the 
superiority of perpendicular recording over conventional 
recording. In 1977 Professor Iwasaki and eo-workers 
proposed a perpendicular recording system using a new 
recording medium and a magnetic head and demonstrated that 
it was capable of realizing high storage density. He had 
earlier described how the circular mode of magnetization 
could be transformed to a perpendicular mode, and the 
amplitude of the reproduced voltage recovered [4] . 
Figure (1.3) shows the magnetization transition 
between two adjacent bit sizes for both the longitudinal 
and the perpendicular modes of magnetization. Ideally the 
transition should be step-like for Ml and M2, with their 
respective demagnetizations, Hdl and Hd2. Regions where 
the demagnetizing field exceeds the medium coercivity will 
be subject to demagnetization. For the longitudinal case 
the region immediately around the transition centre is 
demagnetized, leading to a broad transition, whereas, for 
the perpendicular case the region around the transition 
centre remains unchanged, resulting in a sharp transition. 
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Figure (1 . 3) . A model normally used to illustrate the 
magnetization transitions in longitudinal and 
perpendicular recording . 
1.3 The perpendicular Anisotropy Film 
The question as to the kind of material that can be 
utilized which possesses suitable properties now arises. 
In deciding this, we need to consider that the medium of 
our choice should possess a high Ms with correspondingly 
high value of He to support Ms. It should also have a 
strong adhesion to the base matericil as well as having high 
producibility, especially in mass production. Finally, 
cost effectiveness of the material also plays a real part 
in this choice. Taking into account these properties, 
Iwasaki [5] suggested Co-Cr perpendicular anisotropy films. 
Cobalt has a large magnetocrystaTiine anisotropy 
energy which it derives from its hexagonal close-packed 
(hcp) crystal structure, which exhibits a strong uniaxial 
anisotropy along the crystallographic c-axis. Hence it may 
be used to develop perpendicular anisotropy films. To 
develop the films in a relatively thin thickness, the 
anisotropy field, Hk, must satisfy the relation 
2 
Hk > 411" Ms , or Ku > 2 11"Ms 
where Ku is the magnetocrystaline anisotropy constant, i.e, 
the films must have anisotropy field surpassing the maximum 
demagnetizing field, 4 11" Ms. Therefore, It is effective to 
add another material to cobalt so as to reduce Ms, keeping 
the c-axis oriented perpendicular to film surface [6] . 
In developing the eo-M alloy, it was expected of the 
alloy to have a relatively stable hcp structure :.-:: . .c 
and that their uniaxial magnetocrystalline anisotropy does 
not decrease as rapidly as their Ms decreases by the 
addition of another metal M to cobalt (7]. 
Figure ( 1. 4) 
anisotropy field Hk 
shows the relationship between Ms and 
of eo-M films. Hk increases and 
reaches a maximum and then decreases with increasing the 
amount of V, er, Mo and w added to eo. It is evident that 
eo-er film exhibits the largest Hk among the eo-M films, 
with a maximum value of 6.4 KOe. It Was thus concluded 
that eo-er films possess the best magnetic properties among 
the eo-M films in realizing the perpendicular mode. 
It was further discovered [8] that the addition of 
er reduces the size of the crystallites in eo-er film and 
some precipitation of the er takes place at the crystalite 
boundaries. This enhancement of the "particulate'' 
character of the recording medium could reduce the material 
noise and improve its swicthing characteristics. Smaller 
grain size could also imply an improvement in surface 
roughness, and therefore, a better head-medium interface. 
To improve head-medium interaction, it was later 
proposed [9] that a magnetically soft underlayer can be 
used as an efficient flux-guiding medium. They noted an 
improvement by an order of magnitude by backing the eo-er 
1o 
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Figure (1 . 4). The Ms dependence of the perpendicular 
anisotropy field , Hk , of Co - M alloy films . 
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with Ni-Fe underlayer. 
In the case of single pole head, figure(l.Sa), which 
is a magnetic open structure, the induced magnetic charges 
at the tip of the pole head interact with magnetic charges 
induced on the Co-Cr surface. As a result, the 
demagnetizing field acting on the head tip is reduced and, 
therefore, the head produces a stronger magnetic field. 
Now, if a double layer is used the magnetic charges on the 
Co-Cr far surface disappear and only weak magnetic charges 
are dispersively induced on the Ni-Fe far surface, 
resulting in a much stronger magnetic interaction between 
the head and the magnetic medium. In the case of our 
thin-film heads, figure(l.Sb), therefore, the magnetic flux 
flows from the tip of the main pole directly to the back 
layer, instead of spreading thinly, resulting in a much 
enhanced flux density. The back layer for its part acts as 
a magnetic path which leads the flux to the auxiliary pole. 
This is equivalent to reducing the magnetic reluctance of 
the alr gap between the Co-Cr layer and the auxiliary pole. 
In figure (1.6) , a schematic diagram of a perpendi-
cular thin film head is presented. 
-12-
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Figure (1 . 5) . Represent ation of head- media interaction , 
showing, a ) the induc ed magne t ic charges and , b) 
the field lines for medium with and without NiFe . 
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Figure (1 . 6) . A schematic 
perpendicular thin-film head . 
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CHAPTER "2" 
Models for thin-film growth 
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2.1 - Zone models for thin-film growth 
-----------------------------------------------
The formation of thin films takes place via, first, 
nucleation and then growth . 
On arriving at the substrate, the "adatoms" are 
physically adsorbed onto the substrate, and since they are 
not initially in thermal equilibrium with it, they move 
around and interact, forming clusters. These nuclei, or 
clusters grow in number as well as in size until a 
saturation nucleation density is reached. A nucleus can 
grow both parallel to the substrate, by surface diffusion 
of the adsorbed species, as well as perpendicular to it by 
direct impingement of the incident atoms. In general, 
however, the rate of lateral growth at the early stages is 
much higher than the perpendicular growth. The next stage 
for these clusters which are now grown into "islands" is to 
coalesce with each other in an attempt to reduce the 
surface area in order to reduce their surface tension [10] • 
Larger islands grow together, and if these islands have a 
slightly different orientations, a "grain boundary" will 
occur between the crystals where they meet, figure(2.1). 
Of all the crystallographic planes, figure (2.2) , by 
which an h.c.p crystal can be bounded to the substrate, 
thermodynamically, the one with the lowest free energy will 
be dominant [ 11] , i.e (00.1). alternatively, the most 
densely populated planes will be parallel to the substrate 
-15-
Grain boundary 
(a) (b) 
(c) 
Figure (2 . 1). After formation of the grain boundary in 
(b), it cannot move laterally since its area would 
increase increasing its interfacial energy . Deposition 
occurs until stage (c) is reached, when the boundary 
moves . 
(111) 
h.c.p 
Figure (2 . 2) . equilibrium form of a free growing h . c. p 
crystal. 
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[ 12] • However, residual gases and, where relevant, 
deviations from stoichiometry may 
equilibrium. 
change the ideal 
As to which crystallographic direction is the one of 
the fastest growth, the survival-of-the-fastest regime will 
apply [13], i.e, the densest axes will grow out of 
existance, for they require large amount of flux for a 
given growth, figure (2.3) For h.c.p crystals c-axes is 
the least dense direction. 
The orientation during the nucleation process can be 
further enhanced by preferred growth of the oriented 
nuclei. However, even if the nuclei themselves have a 
random orientation, a preferred orientation can develop 
from them in the course of the development of initial 
stages of the film growth due to preferred growth of 
crystals with certain orientations [14]. This seems to be 
the growth pattern for CoCr films, where the initial layer, 
as will shortly be seen, does not exhibit a strong 
preferred orientation, whereas the thicker films are well 
oriented. 
If during the growth process the whole of the 
crystal surface is not supplied with sufficient atom flux, 
the growth form can deviate from the equilibrium form. 
Therefore, if atoms (or molecules) are not supplied to the 
crystal from all directions, and the surface diffusion is 
-17-
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Figure (2 .3 ) . The direction of f astest growth of a 
free growing h . c . p crystal . This will determine the 
preferred orientation of the growing film . 
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not sufficient to compensate for this uni-directional 
adatom supply by redistribution, there will be a memory of 
the angle of incidence of the adatoms on the 
crystallographic growth direction. In the case of 
perpendicular molecular flux, these deviations will be such 
as to promote a perpendicular columnar habit [15]. 
More generally, the coating condensation process in 
sputtering occurs- in three steps. The kinetic energy of 
the incident atoms is transferred to the lattice and, 
therefore, becomes a loosely bound adatom. These adatoms 
then migrate over the surface exchanging energies with the 
adsorbed species as well as the lattice until they are 
either desorbed by the impact of high energy ions 
(particularly in bias sputtering), or, more commonly, 
become trapped at low energy lattice sites~ It was further 
proposed [16] that the develop ment of texture in the 
deposited films is not only a function of the angle of 
incidence of the molecular flux and the crystallographic 
orientation, it is also strongly related to the roughness 
of the growing thermodynamic probability of adsorbed 
molecules becoming part of the crystal and all data 
relevant to the activation energies for the surface and 
bulk diffusion, and the sublimation energies. For metals 
these energies are related to the melting point [17]. 
Thornton [18] presented a zone classification model, 
figure 2.4a, where it was proposed that various basic 
-19-
(a) 
20 
Argon 
pressure 
(Microns) 
(b) 
0 
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3 · temperature 
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Figure (2 . 4) . Structural zone model for coating growth . 
(a) Model proposed by Thornton [14] following · the model 
(b) first proposed by Movchan [15] . 
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processes could be expected to be explained in terms of 
T/Tm, where T is the deposition temperature and Tm the 
melting temperature. This was based on what already 
existed for evaporated films, figure ( 2.4 b) but with an 
extra axis to account for the sputtering gas (Ar). In 
addition to the three zones already identified by Movchan 
et. al. [19], Thornton proposed a fourth zone (zone T) 
consisting of an array of fib rous grains without apparant 
voided boundaries. 
Iwasaki [20] measured an h.c.p to f.c.c transition 
temperature of the sputtered films 550 K lower than the 
bulk data. This implies that the surface temperature is 
that much higher than that measured through the substrate. 
The substrate temperature is commonly measured to be around 
450· K. Therefore, the actual surface temperature could be 
as high as 1000 K. Considering that the melting point for 
Co and .er is around 1750 K, the ratio of T/Tm - 0.6, and an 
argon sputtering pressure of 5 m Torr should, according to 
the zone 2 in the above cassification, result in columnar 
growth. This columnar growth is attributed to the presence 
of T/Tm sufficient to reduce the adatom surface mobility 
(and so new crystal nucleation) 
crystallites grow as columns, figure 
localized epitaxial process [21]. 
-21-
so that existing 
( 2 • 5) by the 
coating flux 
ltJl\ltJl 
Figure {2 . 5 ) . A two dimentional growth structure . 
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CHAPTER "3" 
Magnetization in films with 
perpendicular anisotroy 
-23-
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It was mentioned that to counteract the strong 
in-plane demagnetizing fields present in thin films, strong 
anisotropies perpendicular to the film are needed. A 
knowledge of the kinds of anisotropies present will help in 
the underestanding of the magnetic processes involved. 
' -
There are three kinds of uniaxial anisotropies 
associated with thin ferromagnetic films7 
a) Uniaxial crystal anisotropy 
b) Shape anisotropy 
c) Strain anisotropy 
~-~~-YE-~~i~_l __ ~EY~-~~l--~~~~2-~~~py_ 
Figure (3.1) shows the magnetisation curve for a 
single crystal of cobalt where the c-axis is the direction 
of easy magnetization. Therefore, energy has to be spent 
if the magnetization is to be rotated by 90 degrees from 
this minimum energy magnetization direction to that of the 
"hard axis". This energy is expressed by expanding it in a 
series of powers of sin{) , where(} is the angle between 
the saturation magfietization and the c-axiS7 
2 
Eu = Kl sin() 4 + K2 sin () + higher terms --- (3.1) 
The first term is sufficient to express the actual 
anisotropy energy, with K being ·the uniaxial anisotropy 
-24-
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Figure (3 . 1) . The magnetization curve for a single 
crystal of cobalt [78] . 
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constant. 
It shoulld be noted that when the grains of a 
polycrystalline film are oriented randomly in space the net 
anisotropy of the grains will be zero. It is, therefore, 
only when they exhibit preferred orientation (texture) that 
the crystal anisotropies of the individual grains determine 
the anisotropy of the film. 
-~~~-----~~~P-~-~E_i_~~EE~~~ 
This is the result of differential demagnetization 
energies (magnetostatic energies) associated with the 
principle axes of a given sample. In the case of a thin 
film with uniform magnetization Ms the total demagnetizing 
energy density is given in SI units as 
Ed = . - (JL.~) J Hdj_ M:!_ dv 
+ ---- ( 3 • 2) 
-(JL.~ ):' !Hd 11 Msll dv 
?IJ 
But the demagnetizing fieid along the film plane is very 
nearly zero. Therefore, intergrating we obtain 
1 2 2 
Ed = T IJ-0 Ms cos (J 
we can substitute 1 
2 
sin (J 
constant term and write the energy as 
Ed 
2 1 
Ms -- Jl, 
2 
·-26-
2 
Ms sin (J 
---- (3.3) 
2 
for cos(} , drop the 
---- (3.4) 
In the case when the aspect ratio of the columns 
favours perpendicular orientation and there is minimal 
magnetostatic interaction between the columns ( i.e there 
is appreciable boundary separation ) , then the inplane 
demagnetization energy may no longer be negligible and the 
film may even exhibit fayourable perpendicular shape 
anisotropy. In actual fact, the contribution .of the 
columnar shape anisotropy to the total perpendicular 
anisotropy of the film is negligible [22], with the 
perpendicular demagnetization energy being considerably 
greater than that of in-plane. 
·This uniaxial an isotropy is the result of 
magnetostrictive stresses sef in the magnetic fiim when it 
is magnetized. The energy associated with the lattice 
s·train is called the magnetoelastic energy and is given by 
Es 
3 
=-TA 
2 s 
2 
sin e ---- (3.5) 
where A is the fractional change in length and is called 
s 
the saturation magnetostriction coefficient and T the 
in-plane stress. 
Therefore the total magnetic anisotropy of a thin 
cobalt film is given by 
E = Eu + Ed + Es 
-27-
= ( Kl _1_ T}. - - 1-p,Ms 2 
2 s 2 0 
2 
sin () ---- (3.6) 
Although the magnetoelastic contribution to the 
/ 
perpendicular anisotropy can be as much as -20% [23] , this 
term is usually omitted. The remaining part of the equat-
ion is then solved for the condition of stable magnet-
ization ( a Ek/a o =o for perpendicular magnetization, 
2 2 
provided a Ek/a o >o ) . Therefore for a film to possess 
perpendicular anisotropy, i.e. () =o degrees, the condition 
that 
2 
K 1 > 0 • 5 /)-
0 
MS ---- (3.7) 
must be satisfied. It also follows that for in~plane 
anisotropy to prevail, i.e. () =90 degrees 
Kl < 
2 
0. 5 JL
0 
x Ms 
There is a quality factor Q given by 
---- (3.9) 
( 3 • 8) 
which, when positive, indicates that the film possesses 
perpendicular anisotropy. This is thought to be by the 
precondition of perpendicular anisotropy [24, 25, 26]. On 
the other hand many authors find this condition too 
stringent ~n view of the fact that in the remanent state 
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the film is divided into domains with antiparallel 
magnetization, or when the layer is in a recorded state, 
together reducing the demagnetizing field [27]. 
Nevertheless, this factor remains a means of quantitive 
characterization of the film properties. 
-29-
4 - Magnetization reversal mechanism 
----------------------------------------------
Figure (4.1) shows typical perpendicular and in-
plane hysteresis loops for eo-er films measured using a 
V.S.M. To the nearest approximation they can be represented 
by the simplified loops of figure (4.2), where the in-plane 
coercivity and the curvature of the loops are ignored. 
The fact that there is shear at all rules out single 
domain switching of the film. This shearing implies that 
the saturation magnetization can acquire any value which is 
inconsistant with a single domain saturation magnetisation 
model, where it would switch abruptly without any shear. 
Therefore the magnetic microstructure must be multidomain, 
if the domains are to be held responsible for the switching 
mechanism of the film. However, similar sheared loops can 
also exist when magnetization reversal is brought about by 
the numerous particles ''switching" their magnetization, 
which then average out to the total magnetization. This 
average magnetization can take any value (depending on how 
many particles complete switching), leading to shearing. 
Therefore, two models are generally presented to 
account for the shape of the hysteresis loops, a): the 
model of the isolated particles magnetostatically coupled 
together through the sheet magnetic charge (Stoner-\volfarth 
switching). This model is termed the "particulate" model, 
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Figure (4.1). Typical perpendicular and in-plane 
hysteresis loops of CoCr with perpendicular anisotr opy . 
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figure (4 . 2). The hysteresis loops of a magnetic film 
with uniaxial anisotropy both with and without 
demagnetizing field . (a) Fie lc applied perpendi cular to 
the film and (b ) field applied in the plane of the film. 
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and b): the "continuum" model, where magnetization reversal 
occurs by stripe domain motion as observed by Kooy and Enz 
[28) for barium ferrite layers and the domains run 
continuously throughout the film interrupted only by. the 
column boundaries. 
Figure (4.3) is an SEM micrograph of the fractured 
cross-section of Co-Cr sputtered film in which the columnar 
microstructure can clearly be seen. In fact many authors 
have observed the same kind of columnar morphology in thin 
magnetic films [28.5), in general, and sputtered Co-Cr 
films [29, 30, 31, 57) in particular. It is argued that 
these columns have a ferromagnetic core with the·segregated 
chromium forming an anti-ferromagnetic shell around them, 
i.e they are magnetically:separated columns. Iwasaki [32) 
revealed a honeycomb-shaped grain boundary after chemically 
etching his Co-Cr films proving the Cr segregation theory. 
The above implies that the exchange forces (which 
decrease very rapidly with atomic spacing) are regularly 
disrupted by the antiferromagnetic shell, 
exchange coupling between the columns, if not 
them altogether. Therefore, conventional 
reducing the 
destroying 
domain wall 
motion would be difficult to envisage, and "interaction 
domains" would then be the best we could hope for. 
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Figure (4.3): A S . E . M fracture cross-section 
micron thick film showing the columnar structure 
through the thickness of the film . 
-34-
of a 3 
right 
4.2 - Coercivity of the particulate model 
---------------------------------------------------
Consider an aggregate of single domain particles 
(from which, by definition, domain walls are excluded) in 
the shape of prolate spheroids, figure (4.4a) whose easy 
axes are aligned. Stoner and Wohlfarth [33] examined the 
magnetization rotation of such a system, where it was 
assumed that Ms vector of the single domain rotates out of 
the easy direction against some kind of restoring force of 
some anisotropy, usually shape, stress or crystal anisotr-
opy. They calculated the hysteresis loops of figure (4.4b) 
for the case when the magnetic field made an angle 8 -
ranging from 0-90 degrees. It can be seen that only when 
the field is parallel to the easy axes that the rotation is 
completely irreversible. At other angles the curved parts 
correspond to the reversible parts of the hysteresis. 
Consider now that the shape anisotropy is the 
relevant restoring force, the anisotropy field (and there-
fore the coercivity) is given by 
H = (Na - Ne) Ms ---- (4 .1) 
when c/a= 10 (reasonable ratio for Co-Cr particle) 
(Na-Nc) for an elongated particle is equal to 2~ , and if 
we take a typical value of Ms for CoCr -700 emu/cc, v1e 
will obtain for coercivity a value of around 4300 Oe, which 
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is evidently much too high for the values obtained 
experimentally. 
Should we take the crystal anisotropy alone 
accountable for the restoring force, the anisotropy field 
is then given by 
H = (2K/Ms) 
for pure cobalt yields 
5 
= 2 * 45 * 10 / 1422 
= 6300 Oe 
These rather high values of coercivity suggest that 
anisotropy-reducing modes of rotation must be in action. 
"Curling" is proposed [78] as a possible mode of rotation, 
figure (4.5), in which shape anisotropy is effectively 
eliminated if the c/a, the aspect ratio of the columns, is 
large, as the spins are then parallel to the surface and no 
free poles are formed,dia~ti~allyreducing the magnetostatic 
energy involved. The energy barrier to curling reversal is 
then entirely exchange energy. In the case of intermediate 
values of c/a, the energy barrier includes exchange and 
magnetostatic energy. 
-37-
(a) 
(b) 
Curling 
z 
y 
X 
(c) 
(d) 
Coherent rctatbn 
s 
s 
Figure (4 . 5) . A schematic diagram of "curling " and 
"coherent rotation" modes [72] . 
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There are many authors who believe that the 
presence of columns, although favourable, is not a 
necessary condition for CoCr films with perpendicular 
anisotropy [33.5]. Some have gone as 
altogether any role that the . 
may have in effecting the magnetization 
films [ 3 4, 3 5] . 
far as discounting 
colu~~ar morphology 
reversal of CoCr 
In this mode of reversal domains are nucleated in 
the particle; movement of the domain wall inside the 
particle effects the magnetization reversal in Barkhausen 
jumps. The wall nucleation has its roots in spin rotation 
on a few atoms at the surface against the crystal anisot-
ropy forces of magnitudes given by, as in the case of 
coherent rotation, by 
H = 2K/Ms 
which is too high compared to the magnitude of the 
external fields normally applied when magnetizing a film. 
Real crystals, however, suffering from imperfections 
such as interstitials, dislocations, etc, produce local 
fields which act to demagnetize the particle. Advocates of 
this mode of reversal [34, 35] contend that their measured 
domain nucleation fields are compatible with measured 
coercivity results. They argue that the exchange forces do 
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extend through the crystal. Maximum coercivity then occurs 
when the domain wall thickness is equal to the pinning 
sites {column boundaries) which are in theory the most 
major sources of crystal imperfections. 
Although recent observations with digitally enhanced 
Kerr Microscope [36) have gone a long way towards 
justifying stripe-domain behaviour, it is thought that both 
models act together in bringing about the rather intricate 
magnetic behaviour of Co-Cr film in different composition 
range and thickness region. 
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CHAPTER "S" 
Experimental techniques for deter-
mination of structure, preparation 
and deposition of CoCr films 
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5 - Experimental techniques for determination of 
---------------------------------------------------------------
structure in CoCr films 
Figure ( 5 . 1) is a schematic diagram of the X-ray 
diffractometer used in these experiments. Here the 
speciman is mounted in the centre of the diffractometer and 
is rotated by an angle around an axis in the film plane. 
The arm holding the counter moves around 2e , i.e. twice as 
large as the speciman rotation. Focusing is achieved by by 
making the speciman a part of the circumference of a 
circle, the focusing circle. It is noticeable that only 
the (hkl) planes parallel to the film plane contribute to 
the diffracted intensity. 
The diffracted radiation was detected by a counter 
tubes which move through the angular range of the 
radiation. The intensities were then recorded on a chart 
recorder for processing. 
When using a monochromatic radiation, the 
interplanar d spacing between the neighbouring (h,k, 1) 
planes as well as other lattice parameters for h.c.p 
crystallographic orientation are given by [36.5] 
2 2 2 2 2 
1/d = 4/3 ( h + hk + k )/a+ 1 I c 
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Figure (5 . 1 ) . A schematic diagram of a Bragg-Brentano 
X- ray diffractometer . 
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also the Bragg angle is calculated through the Bragg Law 
~ = 2d sin(} 
Hence, for (h,k,l) = (00.2) 
2 2 
1/d = 4/c , c = 2d = ~ I sin(} (00.2) 
and for (h,k,l) = (10.0) 
1/d 2 = 4/3a , a = 2d/a= (113)~ /sin (} (10.0) 
5.2 -Electron diffraction technique 
Although X-ray diffraction benefits from the 
advantage that-separation of the films from the substrates 
is not needed, the rather low scattering power of atoms for 
X-rays implies that only films of sufficient thickness 
(over 1000 angstroms) would result in adequate diffraction 
intensities. On the other hand, the intensity of scattered 
electrons is a hundred million time that of X-rays, making 
the diffraction of films as thin as 50 angstroms possible. 
Figure ( 5 • 2) is a schematic illustration of a 
transmission electron microscope in the diffraction mode. 
As the beam of the electron passes through the 
polycrystalline material, peaks of intensity occur in the 
diffraction pattern in the form of concentric rings. These 
diffraction maxima appear because only those electron 
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Figure (5.2). Schematic representation of the electron 
scattering and final diffraction pattern from a polycry-
stalline specimen . 
-4)-
"waves" which are scattered from successive parallel 
lattice planes lying at particular orientations, through 
the depth of the crystal, are in phase and combine 
constructively. The particular orientations at which sets 
of lattice planes with certain d spacings will diffract the 
electron beam to form rings. As in the case of the X-ray 
diffraction, the Bragg law governs the diffraction, i.e 
A = 2d sin (J 
Now, consider figure (5.3), where the electron microscope 
is reduced to a simple diffraction camera, forming a ring 
at a distance R from the centre of the diffraction pattern. 
The distance between the specimen and the plate, the c·amera 
length, is designated u. By simple geometry 
tan 2 (J = R/L 
for small angles 
tan 2(J = 2 sin(J 
then, using the Bragg law 
R/L = A/d 
or 
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Figure (5 . 3) . A simple representation of electron 
diffraction using an electron microscope . 
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Rd = A L 
So if values of R, L and A for a particular diffraction 
ring can be measured, then the d spacings can be 
determined. 
The value of AL was determined by evaporating a 
thin film of gold whose d spacings are given in the ASTM 
file 4-0784. By measuring the radius of any one of 
diffraction rings and taking its corresponding d spacing 
(for instance the (111) diffraction ring for gold has a d-
spacing of 2.355 angstroms), the electron microscope was 
calibrated. Without altering the voltage and the value of 
L, diffraction rings for each CoCr films were obtained, 
whose d spacing could then be measured using the above 
relationship. These d values were then compared with those 
given for Cobalt in ASTM file 5-0727 for crystal structure 
determination. Table ~shows the results of one of the bias X 
sputtered films whose electron diffraction is compared with 
ASTM file 5-0727. The measured lattice spacings for the 
300 angstrom film are in close agreement with the hcp 
cobalt. 
The acclelerating voltage of the T.E.M unit used was 
limited to 100 KV, and therefore diffraction of films 
thicker than 
Nevertheless, 
300 angstroms could not be achieved. 
this order 
sufficient to reveal the 
of resolution was thought to be 
crystal structure .of the very 
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hk.l d($.) d(~) 
a eo, (ASTEM 5-0727) Electron diff. 
!1% 
10.0 2.165 2.19 
00.2 2.023 2. 07 ', 
10.1 1.910 1. 96 --
10.2 1.48 1.46 
11.0 1. 252 1. 26 
Table ( 1 ) . Comparison between the lattice spacings as 
given by ASTM for Alfa Co and that calculated by electron 
differaction method. 
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important initial layers of the growing film. 
For films thicker than 1000 angstroms, however, the 
X-ray diffraction technique proved very useful, especially 
when considering that it is the preferential orientation of 
0.3-0.5 micron thick films which is desired. 
5.3 -X-ray microanalysis (Electron-probe 
microanalysis) 
When an area of a solid is bombarded with high 
energy electrons, the resulting emission includes 
backscattered primary electrons, low energy photo-electrons 
and Auger electrons together with characteristic X-ray 
emission, whose wavelengths depend on the nature of the 
atoms in the specimen, superimposed on a background of 
continuous X-radiation (Bremsstrahlung) • It is the 
characteristic X-ray spectra which are utilized in 
electron-probe microanalysis. Measurement of the 
wavelength (or energy) of each characteristic X-ray enables 
us to find which elements are present in the specimens; 
measurement of rate of emission of a particular X-ray 
should also tell us how much of the element is present, 
i.e. its concentration. The latter quantitative measurement 
was of particular interest in this work. 
-so-
R.B.S is a technique of structural and interfacial 
analysis of thin epitaxial or non-epitaxial films, which 
was used in this work to complement X-ray 
Its importance is primarily because of 
analyze in depth and because of its 
dispersion. 
microanalysis. 
its ability to 
intrinsic mass 
R.B.S is basically an ion scattering phenomenon and 
as such rests on the fundamental relationships that govern 
ion scattering in solids. Briefly, as an energetic 
ion traverses a solid, figure (5.4) , it gradually loses 
its energy when encountering atomic monolayers, coming to 
rest tens of microns below the surface. However, a small 
fraction of the particles undergo energetic nuclear 
encounters before coming to rest. It is these nuclear 
backscattering that represent the signal in ion scattering 
solids [37] • The final energy of the particle determines 
the depth at which the scattering event occurred, since the 
particle loses energy to the electrons in penetrating the 
solid. 
When analysing the various elements of the film, to 
ensure that the peaks from different elements in the 
substrate do not swamp the signal from the various elements 
of the film itself, the films for R.B.S analysis were 
intentio nally sputtered on single crystal silicon 
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substrate which, unlike glass, does not contain the 
especially troublesome element of Barium whose R.B.S signal 
is uncomfortably close to those of cobalt and chromium. 
-SJ-
6 - Film preparation 
--------------------------
and investigation were 
prepared by r.f-sputtering technique. 
6.1 - Sputter deposition 
In sputtering, the material of interest is passed 
into the vapour phase by ion bombardment of the "target", 
the source of the coating material. These 
by the inert gas (argon in the range 
ions are provided 
-3 
of 2-20*10 torr) 
which is introduced to the sputtering chamber to form a 
plasma with the aid of an r.f power supply, once the 
-7 
chamber is evacuated to background pressures as low as 10 
torr. The power supply maintains the target at a negative 
potential ( 1500-2500 V ) relative to the plasma. The argon 
ions are drawn from the _plasma and hence accelerated 
towards the target surface, where upon they strike with 
sufficient energy to dislodge the atoms resulting in their 
ejection to all directions. The substrate is suitably 
positioned to intercept these atoms. 
A Nordiko NM2000 r.f sputtering unit was used to 
deposite the Co-Cr films, figure (6.1). The planar diode 
geometry employed by this unit is schematicly represented 
by figure (6.3). The discharge is operated at 
13.56 MHz. At such high frequencies the massive ions are 
unable to follow the temporal variation of the applied 
potential. Now, if one of the electrodes is coupled with 
-:>4-
Gauge 
High Vacuum 
Valve 
Gauge 
For line 
Valve.....-
<<<<<<<<< ~: 
..__ --
n 
Gauge 
, 
Roughing 
Valve 
Trap 
Rotary 
Pump 
Diffusion Pump 
Figure- 6 ·1 Schematic of pumping system 
-ss-
Figure (6 . 2) The "NordiKo Rig " 
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the r.f generator through a capacitor a negative voltage 
will present itself on that electrode alone, therefore 
sputtering is obtained from only one electrode [41] . 
Sputtering as a deposition process has valuable 
advantages over other deposition methods that could have 
been utilized. Because of the much higher kinetic of the 
ejected atom comt:-ared to evaporation for example ( 50-100 
times ) , the sputtered atoms reach the substrate with 
sufficient energy to surmount those activation energies 
required for reacting with the substrate and for reforming 
the compound from which they originate [38]. The energy of 
the sputtered atom may also contribute to improved adhesion 
by permitting these atoms to become the bombarding species 
in removing weakly bonded contamination from the substrate 
surface [ 3 9] • Furthermore, the most energetic of the 
sputtered atoms may promote adhesion by penetrating into 
the substrate [40]. The sputtering rate is also much less 
dependent on the specific properties of the coating 
material. For example, the sputtering yields of some 
materials may be fractionally off, whereas, the evaporation 
rates of the same materials can be very different [41]. 
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The sputtering charr~er consists of a 24 inch 
diameter stainless-steel cylinder within which three target 
electrodes sit on the target work table, and a substrate 
holder electrode (anode), directly facing the target, sits 
on the substrate work table. At any deposition run, 
therefore, three different layers could be deposited. 
The targets were in thermal contact with the 
water-cold electrodes through copper backing plates. A 
cobalt disc, of 99.99% purity and 8 inches in diameter, on 
which lcm pieces of chromium were hexagonally arranged 
[42] was used (in the form of a composite target) to give 
the desired composition with - maximum uniformity through-
out the film. 
The Ni-Fe target was also 8 inches in diameter and 
was an alloy target,and therefore, of fixed composition. 
6.4 -The substrate holder 
The substrate holder was also of sufficient thermal 
mass and surface finish to realize a fine uniformity·in the 
temperature over the surface of the deposited film, as any 
temperature difference would alter the film composition and 
-)9-
lead to localized magnetic properties. There was an 
optional substrate water-cooling facility through the 
substrate holder electrode which was employed, except when 
substrate heating was undertaken. To achieve maximum 
contact the substrates were firmly clamped on the holder. 
6.4.1 -The sample heater 
-------------------------------
When sample heating was required, to avoid outgassing 
of the entire substrate work table by using .the heating 
system already incorporated in the electrode, a separate 
substrate heater was constructed which was then mounted 2 
inches away from the electrode, figure (6.4). It comprised 
of two stainless steel plates (for minimum out gasing) 
between which a flat heating element was sandwiched. A 
"radiation shield" was mounted half way up the spindle 
connecting the heater to the electrode to increase the 
efficiency of the heater as well as preventing the heating 
of the electrodes. When using this arrangement, the 
electrode's height was subsequently adjusted to compensate 
for the heater's protrusion. 
The temperature of the samples was measured by 
placing a chromel-Alumel thermocouple of a very low thermal 
mass (for rapid response) on the surface of a glass 
substrate identical to the one on which Co-Cr was deposited 
for experimentation. Hence the temperature measured was as 
close to that experienced by the growing film as possible. 
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Figure (6 . 5) : The substrate heater and temp. controller 
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Since the thermocouple was at high voltages (especially 
when bias sputtering was performed), the meter was placed 
in an insulated cage and the meter's reading was optically 
interfaced for temperature control purposes. 
After evacuating the sputtering rig to better than 
-7 
2*10 torr (normally achieved after three hours), the 
target shutter was placed in between the target and the 
substrate and, using the power divider, lOO watts of power 
was applied to both the target and the substrate electro-
des. The throttle was then closed above the diffusion pump 
(to reduce its pumping capacity) and controjled amounts of 
argon were introduced {nto the chamber via a micro-flow 
valve In this way, a plasma at both the target electrode 
and the substrate elctrode was established. Constant tuning 
of the matching unit was found to be necessary -at least 
for the initial twenty minutes of sputtering - mainly due 
to the thermal stabilisation of the plasma, reflecting 
itself on the capacitance and the inductance of the plasma. 
Further to sputter cleaning for appropriate interval 
(normally ten minutes), the required deposition power was 
set on the target with the substrate bias adjusted to the 
proper value, or rer,1oved altogether when not called for, 
and the deposition was commenced by removing the shutter. 
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6.6 -The substrates 
The substrates used for our investigation were 
silicon wafers with 001 prefered orientation; 2 inches 
square Bore-Silicate glass wafers of 0.5 mm thickness; 0.1 
mm thick molybdenum sheet of 99.99% purity cut into 2 by 
1/2 inch strips; 5.25 inch diameter aluminium discs, and 
finally, mica wafers on which 100 angstrom thick carbon 
layer was evaporated. The last substrate was used for 
analysis of films under Transmision Electron Micr6scope. 
All the substrates were cleaned in hot Decon 
solution using an ultrasonic bath for a period of 20 
minutes. They were then immersed in deionized water and 
subsequently. dried (using 99.9% pure nitrogen jet). They 
were further bathed in acetone and I.P.A for approximately 
ten minutes. The last two procedures help to reduce the 
hydrocarbon contamination prior to evacuation of the rig, 
as well as acting as dehydrating agents. 
Although the liquid nitrogen trap between the 
chamber and the diffusion pump pi-events most of the oil 
vapours from back-streaming into the chamber, some 
hydrocarbon contamination of the substrates is inevitable. 
Therefore sputter cleaning of the substrates was routinely 
performed [43] to reduce this contamination, in a~dition to 
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removing the ubiquitus oxide layers on the substrates. Low 
sputtering powers (of the order of 100 Watts) was applied 
to reduce the possibility of surface damage caused by ion 
bombardment to the substrates. 
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CHAPTER "7" 
Characterization of sputtered CoCr 
films 
-66-
7 - Characterization of Cocr films 
CoCr films of different sputtering characteristics 
were sputtered on glass, silicon, molybdenum and mica 
(covered with a 100 angstrom layer of carbon) substrates. 
Unless otherwise specified, the base pressure was <2*10 - 7 
torr, and the target to substrate distance was 7 cm, and 
the film thickness was 0.5 micron, deposited at an argon 
pressure of 5 m-torr. 
A few trial films were first sputtered and the 
perpendicularity of the hexagonal C-axis, which is the main 
criterium of a good perpendicular anisotropy, was measured 
using X-ray diffraction intensity technique. It was thus 
realized that only the films which were bias- sputtered 
exhibited good perperdicular orientation. -·Furthermor-e·, 1 
there is evidence that negative substrate biasing leads to 
an improvement in the surface smoothness of the films [44] 
which is of prime importance especially when head flying 
height of less than 1000 angstroms is required in order to 
ensure adequate read/write signal. 
Figure (7.i) shows the variation in (00.2) X-ray 
orientation against the negative substrate bias for films 
containing 16% Cr, sputtered at an argon pressure of 5m-
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torr, and sputtering power of 0.8 KW. A (00.2) intensity 
peak at around -80 V can be seen, while the (10.0) X-ray 
diffraction intensity, which represents the orientation in 
the plane of the film, remains small and constant. 
Therefore, an appreciable improvement in the orientation of 
the C-axis is made when a bias of around -80 volts is 
applied to the substrates while sputtering. There have, 
indeed, been reports before of improved preferred 
orientation as a direct result of application of negative 
bias· [45] . 
Figure(7.2) is the TEM micrograph of biased and 
unbiased films, approximately 300 angstrom in thickness, 
with the inset showing the corresponding TEM diffraction 
pattern. Although the diffraction images are similar, i.e. 
all the reflections are present in both cases, and are 
typical of h.c.p. polycrystalline samples of very small 
grain size, the micrographs are distinctly different. In 
the case of the films with bias there is more order in the 
topography than there is in the unbiased films. This could 
be due to the stacking faults introduced in the films, 
probably resulting from the gas contents of the films. 
This will be later discussed when considering the impurity 
contents of the films. It has also been shown that 
presence of negative bias brings about some resputtering of· 
the film material [46] , and high values of the so called 
"re-emission coefficient" during film growth is essential 
in obtaining good quality films. This is said to be the 
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of unbiased and biased 
electron diffraction. 
for both are the same, 
their ' texture . 
(a) Unbiased 
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Figure (7 . 3) : S . E . M. micrographs of a 2 micron 
CoCr films sputtered under different bias voltages . 
film "b " shows the best texture . 
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thick 
The 
consequence of the fact that many molecules that would 
otherwise be trapped in non-optimum positions e.g. 
interstitials) are returned to the vapor phase leaving 
behind material of high.quality. Vossen et.al. [47] in 
fact showed that the density of thin films increases and 
then decreases with increasing bias, reflecting possibly on 
the improvement of the crystal structure in the high 
density region of the films. 
To understand at which stage of the columnar growth 
biasing is more effective in advancing (00.2) orientation, 
a simple experiment was carried out in which the bias was 
switched on at various stages of the film growth. In so 
doing, it was learned that biasing was more effective when 
applied during the initial stages. For example, two films 
were sputtered with identical sputtering parameters each 
for 20 minutes except that a in one of the films a bias 
field of -80V was applied to the substrate during the first 
8 minutes of the film growth, and in the other, it was 
switched on after 10 minutes of the sputtering. A (00.2) 
X-ray intensity count of 38500 was obtained for the former, 
whereas that of the latter was a mere 1280 counts. 
7.2-Physical effects at the target and the substrate 
---------------------------------------------------------------
In order to explain the effect of the negative 
substrate bias on the topography and crystallographical 
orientation of the films, a brief review of some effects 
-72-
that occur at the target, in the gas discharge, and at the 
substrate is necessary. 
When the solid surface of the target is bombarded by 
energetic ions, several effects may occur some of which are 
illustrated in figure(? .4}: (1} emission of the sputtered 
neutral particles: (2} emission of secondary electrons: (3} 
emission of positive and/or negative ions: (4} emission of 
radiation: (5} reflection of incident particles: (6} desor-
ption of gases: (7} implantation of incident particles: (8} 
heating: (9} chemical dissociation: (10} bulk diffusion: 
(11} crystallographic changes: (12} reflection of some 
emitted species back to the target surface either by colli-
sion in the gas discharge or electrostatic attraction [48]. 
However, the fraction of the positive ions that 
reach the substrate which originate from the target is very 
small ( <1%} [49], and do so through elastic collision with 
the target. As will be seen in a latter chapter, this is 
the main mechanism of argon entrapment in the films. Never-
theless, most of these "primary" bombarding particle are 
neutralized upon reflection to atoms again. In any case, 
these particles are a source of high energy bombardment of 
the substrate, which can noticeably effect film properties 
[50] • The role of these bombardments, being especially 
prevelant in sputter deposition process, in promoting for 
example certain kinds of lattice defects will now be 
discussed. 
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The impact of an ion or an atom with a solid and its 
subsequent movement through the solid will result in its 
gradual loss of energy in a succession of collisions. This 
energy is dissipated to the surrounding atoms leading to an 
increase in their kinetic and potential energies and possi-
bly resulting in ionization, when the excitation is to the 
atomic electrons. If in a collision an atom can receive 
enough kinetic enrgy, it will be ejected from the equilib-
rium lattice position to which it is normally bound by the 
forces of interaction, creating a vacancy in the atomic 
array and repositioning an extra lattice atom to some 
distance from the vacancy. The extra atom could itself 
promote further displacements if it is in possession of 
sufficient energy. The atoms thus displaced could occupy 
vacant lattice positions or may come to rest at "non-
normal" positions in the lattice known as interstitials. 
The injected atoms or ions themselves having come to a halt 
may occupy an interstitial position and occupy a vacant 
lattice site and become a sustitutional impurity. These 
are a class of defects known as simple, or point, defects. 
In addition to these point defects, extended defects 
in solids may also occur which are in effect caused by the 
point defects agglomerating in the form of clusters. The 
strain in the lattice caused by these clusters may be 
-7S 
relaxed either by the presence of impurity atoms in the 
matrix, or the occurence of dislocations. 
A dislocation, which is an example of extended 
defects, is the collapse of the vacancies and/or int~rst­
itials, which represent a discontinuity in the lattice 
perfection over an extended area, into a plane or sheet as 
a result of lattice relaxation in the vicinity of the 
clusters. Generally, dislocations are not formed by therm-
al means but by mechanical stress which cause deformation, 
radiation damage which produces super-thermal defect 
concentrations, and non-uniformity of the crystal growth 
process (51] . 
An impurity atom, on the other hand, can accommodate 
into a host lattice in many ways. If it occupies a lattice 
site it is known as substitutional impurity, or if in 
isolation in a non-normal lattice site, an interstitial 
impurity. It often turns out that impurities act as 
effective ''sinks" for lattice defects, in which case it can 
promote defect clustering process. Example of this' is 
formation of gas bubbles by the agglomeration of inert gas 
atoms and vacancies in sputtering systems (52]. Although 
inert gases are quite insoluble in most solid, in many 
cases they condense into the "host" material at free 
surfaces to minimize the energy of the system [53]. 
The role of inert gas entrapment on the structural 
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and magnetic properties of the films will be studied in a 
later chapter. What is certain is that the particular 
vulnerability of crystal formation to ion bombardment and 
its possible subsequent defect formation makes it necessary 
for us to have a closer look at various occurrences at the 
substrate. 
7. 4-Further occurreri·ces at the substrate 
--------------------~~--------------------------
The secondary electrons that are emitted from the 
target are accelerated towards the substrate due to its 
being at a high negative potential. After suffering some 
inevitable collisions their remaining energy is transfered 
to the substrate in the form of heat [54] • 
At the substrate three interactive effects take 
place. Material from the target arrives at the substrate 
surface and condenses from an "excited" state: the substr-
ate is subjected to bombardment by various energetic 
particles, as can be seen from figure (7 .5) . Apart from 
the effect that these can have on defect formation 
discussed above, they can be a major source of heat 
transfer through their kinetic energy to the substrates. 
Condensation too can produce heat, leading to an interac-
tive state between these two heat generating phenomena. 
For instance, both bombardment and condensation produce 
heat. Heat, in turn, effects condensation phenomena, and 
so on. What determines the film properties is the totality 
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Sustrate 
Figure (7 . 5) . The particles bombarding the substrate . 
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of events occuring at the substrate [55] . It is possible to 
control all these effects, and so the film properties can 
be adjusted. It is difficult to directly modify the 
behaviour of the neutral particles. However, the charged 
particles can be controlled by changing the local electric 
field, and that is exactly what bias-sputtering does. 
By applying a negative potential to the substrate, 
it can be arranged [56] for the substrate platform to 
become a secondary sputtering target, thus the flux and 
energy of all charged particles bombarding the substrate 
can be modified. 
The role of bias sputtering in affecting the 
impurity content of our Co-Cr films will first have to be 
studied before a judgement is made regarding the process 
responsible for the appreciable improvement in the 
orientation of the films around certain value of 
bias field. This will be undertaken elsewhere in this 
work. 
The saturation magnetization in figure ( 7 • 1) , as 
measured by VSM, shows/amonotonic decrease with negative 
s~e-bias_,-~the Cr content, as measured by the 
x-ray microanalysis, remains approximately constant. This 
is attributed to the temperature-dependent segregation of 
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Cr atoms at column boundaries [57]. It is thought that in 
the absence of bias Cr segregation is promoted, figure 
(7.6a). In this way the er gather around the columns, 
leaving the cores rich in Co. Evidence of the segregation 
was presented by Iwasaki [58] • A CP chrysanthemum-like 
pattern) structure has recently been observed at elevated 
substrate temperatures [59] , figure (7 .6b), which is 
claimed to explain the conti.nuous transition of the magnet-
ization between the contin~uous and particulate modes. 
Haines [60] presented a mathematical model for the atomic 
distribution of Cr in CoCr films in which temperature 
dependent Cr segregation to the grain boundaries is 
predicted. 
Although addition of negative bias aids to repel the 
energetic electrons from the substrate, it helps to attract 
an equivalent current of positive ions which then dissipate 
their energy [61] leading to an increase in the temperature 
of the substrate. This could provide additional mobility 
for the adatoms [62], altering the microstructure of the 
films. Conversely, the same in-flux of ions can also 
decrease the adatom mobility as they are capable of 
creating radiation damage which can lead to an increase in 
the density of the nucleating sites. It is likely that the 
observed effect of biasing on the er content of the films 
is a combination of the above. These factors could then 
effect the mobility 
differentially. 
of the 
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Figure (7 . 6) , a) a conventional Cr segregation model 
and b) a chrysanthemum pattern (CP) recently observed by 
Maeda et . al . [59] . 
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An attempt to measure the increase in the surface 
temperature using a thin-film thermocouple (of a very low 
thermal mass) posing as a substrate was not too successful. 
It is thought that this 
localised lattice heating 
order of 10 angstroms [63]. 
increase in temperature is 
and limited to a radius of the 
This discrepancy between the 
bulk and the surface temperature was indeed demonstrated by 
Iwasaki [20] where he measured an hcp to fee transition 
temperature 550 K lower for the CoCr films (measured from 
the substrate during sputtering) compared to that obtained 
from the bulk data, as was mentioned earlier. 
Figure (7 • 7) shows some corresponding magnetic 
properties for the films of figure (7.1). The results show, 
within graphical error, perpendicular coercivity and 
remanence ratio reaching maxima with the orientation at the 
same time as the in-plane values are minima. The peaks are 
slightly broader and shifted indicating that orientation is 
not the dominant and the only factor influencing the 
coercivity. To take account of this a best bias voltage of 
-80V to -120V was chosen for the rest of the experiments. 
The decrease in Hk beyond around -120V is a breakdown of 
the hcp structure and possibly the loss of shape anisotropy 
due to too much decrease in the amount of Cr segregation. 
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Figure (7.8) shows the variation of perpendicular and 
in-plane coercivity and remanence as measured by VSM, with 
figure (7.9) showing the variation of (00.2) X-ray diffra-
ction intensity and the anisotropy field (Hk) as the er 
content of the films is altered. It can be seen that the 
collapse of the in-plane remanence is followed by an 
increase in the perpendicular orientation and, hence, 
perpendicular remanence and coercivity, as the chromium 
concentration is increased. A maximum in the perpendicular 
remanence and coercivity is found for 16 atomic % Cr. This 
is a good illustration of the way in which addition of er 
enhances the degree of the C-axis orientation normal to the 
film plane, as was mentioned in the introduction. The 
increase in the Cr concentration has lead to an increase in 
Hk, which when exceeding 4 7r Ms (i.e. the maximum 
demagnetizing field) will give the CoCr film an easy axis 
of magnetization normal to the film plane. 
In figure (7:10) the variation of saturation 
magnetization, as measured from the hysteresis loops 
obtained from VSM calibrated using Ni-Fe foil, together 
with the data for the bulk [64] is shown. This data is 
similar to that otained by Iwasaki [65] and Kobayashi 
[ 6 6] • 
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In figure (7.11) the variation of (00.2) diffraction 
intensity against the argon pressure for both the biased 
and unbiased films is shown. The surprisingly large 
increase in the orientation for films sputtered at about 
1-3 m torr was found to be the result of a negative 
floating potential Vf set up on the substrate. This 
potential arises because of the higher mobility of 
el·ectrons, as 
more electrons 
opposed to 
reach the 
ions, in the discharge so that 
surface than ions [67] • In 
effect, the substrate has set up its own negative bias. 
Indeed, a voltage reading of around 40 Volts was obtained 
when a voltmeter was connected between the substrate and 
the. earth when sputtering at those values of 
pressures. 
argon 
Application of an external negative bias to the 
substrate leads to a clear maximum in (00.2) intensity 
count at about 3 m- torr Ar pressure, with figure(7 .12) 
showing the corresponding magnetic results. A peak in the 
perpendicular remanence and coercivity the same Ar pressure 
can be seen. These etfects could only be explained in the 
light of the influence that sputtering pressure has on the 
heating of the deposited film, namely, a high gas pressure 
can aid in slowing the numerous energetic particles 
(electrons, ions, and neutralsl which tend to bombard the 
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substrate, and therefore minimize substrate heating [68]. 
The effect of argon pressure on the argon content of 
the films will be described elsewhere. 
Figure(7.13) shows the variation of (00.2) and 
(10.0) of biased and unbiased films as the sputtering power 
is varied in the range of 0.2-1.2 KW. No appreciable 
difference in the intensity of the biased films between 
0.2-1.0 Kw can be observed. 
However, the magnetic measurements of the same 
films, figure (7.14), indicate that the utilization of the 
two extreme powers yields films of poor magnetic quality. 
This could be due to the fact that when sputtering at very 
low rates the heat flux to the growing layer may not be 
sufficient to cause adequate desorption of harmful 
impurities. If we consider that the deposition rate is 
actually the net accumulation rate of the film material 
which includes the effect of the condensation and 
re-sputtering (due to bias and other ion bombardment 
effects) rates, the behaviour at high sputtering rate could 
most likely be the result of the condensation rate being so 
high that the re-emission rate cannot remove the material 
arriving in non-ideal positions before new film material 
arrives and covers it up [69]. This implies that a balance 
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between condensation rate and re-emission rate must be 
established to produce films of high quality. Also, at 
much higher sputtering rates, the heat flux and the 
intensity of ion bombardment may be such that it may bring 
about breakdown of the lattice structure. A sputtering 
power of between 0.6-1.0 KW, where a plateau in the 
magnetic properties is observed, is recommended. 
7.10- The effect of use of various substrates 
--------------------------------------------------------
It has been claimed by some authors [70] that the 
use of silicon, as opposed to glass, as a substrate should 
lead to an improvement in the c-axis orientation being 
attributed to the charges set up on the insulating glass 
which are otherwise conducted away by silicon. No such an 
orientational improvement, as measured by (00.2) X-ray 
intensity was observed when sputtering on silicon. The 
coercivity and perpendicular remanence of the films 
sputtered on silicon was in general lower, with its 
corresponding in-plane remanence being larger which again 
reflects adversely on the perpendicular orientation of the 
CoCr sputtered on silicon. 
At least one other author [71] has observed the same 
kind of properties for their CoCr film sputtered on Si 
substrates. It is believed that glass presents a good 
starting base for the early development of polycrystalline 
structures since, being amorphous, it does not impose its 
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own -what could be unfavourable- crystal structure on the 
growing film. 
The CoCr films sputtered on NiFe (sputtered on glass 
substrates), however, presented a better picture than Si, 
yet they were not an improvement on glass substrates. 
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7.11 Orientation and Hk dependence on film 
------------------------~---------------------------------------
thickness 
Figure(7.15) shows the way in which the development 
of (00.2) orientation takes place together with the 
variation of perpendicular coercivity of the films as 
measured by V.S.M. against thickness for films biased at 
-120V • The maximum orientation is reached for film 
thickness of the order of 6000 angstroms and beyond. This 
is in agreement with the development of the fiber texture 
as the film thickness increases. Coughlin et. al. found a 
similar value for their films [72]. 
Although the diameter of individual CoCr 
crysta.llites show a lot of dispersion [73, 74, 75], and the 
average diameter is not exactly uniform throughout the film 
thickness [76] , it can be assumed that the crystallite 
diameter is approximately one order of magnitude smaller 
than the film thickness, figure(7.16), after Coughlin [77]. 
With this assumption, an understanding of the shape of the 
coercivity curve may be acquired by refering to figure 
(7.17a), in which the variation of coercivity is given 
against particle diameter [78], where it is said that the 
mechanism by which the magnetization of a particle changes 
differs from one part of the size range to another as 
follows: 
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Multidomain. Where magnetization changes by domain 
wall motion. A crystal will spontaneously break up into a 
number of domains in order to reduce the magnetostatic 
energy, figure(7.17b), it would have if it were a single 
. ~- .· . 
domain. Although the demagnetizing field along the long 
axis of CoCr is small (long particle of aspect ratio 10 to 
l), it may still reverse its magnetization by domain wall 
motion owing to lower switching fields. The size 
dependence of the coercivity is experimentally found to be 
[1-8] 
3 
He = a + b/D2 
where "a" and "b" are constants. 
Single-domain. Below a critical Os diameter the 
particle becomes single domain. Figure D.l7b) shows why 
the crystallite may prefer to remain in the single domain 
state. Magnetization reversal can therefore only take 
place by rotation of whatever anisotropy forces (crystal, 
shape, etc.) happen to be present. As the particle size 
decreases further the coercivity decreases because of 
thermal vibrations according to 
He = g - h/D 
where "g" and "h" are constants. 
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7.12- Effect of heating the substrates 
------------------------------------------------
Using the substrate heater in conjunction with the 
temperature controller, the substrates could be heated to 
temperatures up to 320 degrees C, as recorded by the sensor 
mounted on the substrates. Since even in the absence of an 
external heater, substrate temperatures as high as 170 
degrees C were recorded, it was decided to start the 
temperature measurements from 170 degrees C, and not the 
substrate holder's (usually just above the room temperat-
ure) as is customary, since, in my opinion, this will not 
constitute a true reading. The temperature measurements 
were based on the readings obtained directly from the 
surface of a dummy substrate making it more indicative of 
the actual tempera t:ure of the film, due to a faster 
sensor response time and a reduction in the temperature 
gradient between the sensor and the surface. This is 
especially necessary in the case of. glass, rather than 
silicon, owing to their respective thermal conductivities. 
Due to the high temperatures involved, there was an 
appreciable release of of occluded gases from both the 
substrate and the surroundings (this will be discussed in 
much detail in the following chapters) which were mostly 
excluded after some patient pumping. 
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However. the results obtained from substrate heating 
were not so encouraging in that the orientation of all the 
films thus heated, as measured by {00.2) X-ray intensity 
count, was very poor. Figure (7.18) shows a T.E.M 
microgragh of a 250 angstrom film next to the S.E.M picture 
of a sputter etched {for better resolution), 2 micron thick 
film, both heated to 200 degrees C, in which a distinct 
lack of texture is evident. 
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(b) 
Figure (7 . 18) : (a) A T . E . N. micrograph with 
its corresponding diffraction pattern and , (b) an S.E . M 
micrograph of a 3 micron thick film , both of a filiT heated 
to 200 degrees c . 
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CHAPTER "2" 
Analysis of £ilms' gas contents 
-104-
As was 
properties of 
noted in a previous chapter, 
thin films can be correlated 
physical 
with the 
environment in which they are grown. Partial pressures of 
various gases in the deposition chamber have been> shown by 
some authors to affect nucleation and growth [79], resisti-
vity [80, 81] and magnetic properties [82]. It was noted 
that this factor becomes especially acute in the case of 
sputter deposition where a film is grown in a relatively 
high pressure glow discharge environment such as sputtering 
environment. Oblas and Hoda [83] reported that as much as 
12% argon may be present in de sputtered tungsten films. 
Chemically active gases which are desorbed .from the 
surrounding surfaces, as a result of sputtering chamber's 
temperature increase, itself resulting from thermal 
processes, may 
may therefore be 
contents of the 
also. be adsorbed at the film surface. It 
a good practice to measure the gas 
films and, when possible, to relate the 
result to the particular deposition condition, such as bias 
sputtering. As was discussed earlier, one option in 
measuring the impurity contents of the films is to take 
advantage of R.B.S. technique. 
To measure the gas contents of the films against 
negative substrate bias using this technique , several 2000 
angstrom thick films at various bias values were sputtered 
-lUS-
on Si substrates for examination. It was confirmed that 
the gas content of the films goes through a minimum at 
substrate bias values of around -150 v, table 2 ) , 
however the nature of the gases in the films could not be 
determined with any reasonable accuracy, as the signals 
associated with each element were either too small or 
overwhelmed by that of their neighbouring elements. This 
prompted the use of other possible techniques of measuring 
gas contents. 
The purpose of this section is to describe a new 
method for measuring the impurity contents of CoCr films 
against different sputtering parameters. 
Thermal evolution mass-spectroscopy T.E.S. (in order 
not to be confused by T.E.M) has frequently been used to 
investigate gas entrapment in films [84] . It is simply a 
process by which the specimen is placed in a u.h.v enviro-
nment and the species of gases released as a result of 
application of heat are analysed using a mass-spectrometer. 
There are however two approaches to this technique. Either 
the volume into which release proceeds contains effectively 
no pumps for the gas of interest ("static" experiment), or, 
alternatively, the gas is pumped with a large pumping speed 
(''dynamic''experiments) [85]. In the former case, provided 
that the conductance between the release volume and the 
-lu6-
Substrate Bias Hetal-Substrate 
Voltage (V) Yield (Ratio) 
0 2.49 
-50 2.51 
-100 2.67 
-150 2.88 
-200 2.69 
Table (2). Variation of film to substrate yield with 
negative substrate bias, showing an increase followed 
by a decrease in value as the bias is increased. (Note 
that any contamination would result in a decrease in 
the yield ratio) • 
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detector is large, the rate of change of pressure in the 
system is proportional to the release rate of gas at the 
specimen's surface: 
i .e dp/dt OC dN/dt 
In the latter case, provided that. the pumping speed 
for the gas of interest is large so that the vacuum system 
time constant is small compared to the time constant 
associated with the release transient, i.e. 
ap; at + p/7 = CJ/v 
where p=pressure: t=time: 7 =characteristic pumping time: 
CJ =evolution rate: v= chamber volume, then the pressure 
signal itself is proportional to the release rate: 
p 0C dN/dt 
the experiments reported This is the technique used in 
here, as the characteristic pumping time of the chamber 
0.2s. To facilitate our used is of the order of 
calculations, a linearly increasing temperature ramp was 
utilized. 
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The apparatus used here was developed by Donnelly 
et. al. [86], and is schematically represented in figure -
(11.1) • To achieve u.h.v the entire vacuum system including 
the cold trap is baked for minimum 10 h at 500 K. It has 
been shown that bakeout of upto 600 K does not significa-
ntly release the entrapped gas species [87]. 
Three micron thick CoCr films were sputtered on 0.1 
mm thick mo~ybdenum substrates. five millimeter diameter 
discs, figure (8.3), were punched out of the substrates 
which were then used"in the desorption experiment. 
A four target carousel was where four different 
samples were placed for analysis, figure( 8, 4al· The targets 
were made of tungste.n in the form of boats, figure ( 8. 5) and 
were held in position using very fine tungstan wire(in 
order to minimize thermal conduction to the surrounding 
environment during the temperature ramp) • To monitor the 
temperature, four separate thermocouples were used, each 
made of Pt:Pt/13%Rh which has a maximum operating temper-
ature well in excess of melting point of CoCr. To obtain 
maximum accuracy, they thermocouples were positioned such 
that good contact with the targets was achieved. 
An electron gun was employed to heat the samples 
during the temperature ramps, figure (8.4b). With the aid 
of a foucusing tube, the beam area was reduced to 10 mm in 
diameter into which upto 300 W of power (3 KV at 100 mA 
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Figure ( 8 . 2) : T . E . S . Equipment 
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Figure (8 . 3) : CoCr sputtered on Molybdenum for 
T . E . S. experiments . 
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Figure (8 . 4) . A schematic diagram of the T . E . S . 
apparatus . 
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Figure ( 8 . 6 ) : 
and electron gun . 
A picture of T . E . S. sample holders 
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emission) was supplied. 
Figure (2.1) is a schematic representation of the TES 
evolution cycle instrumentation. 
In order to determine the fraction of the gas 
trapped, it is necessary to accurately calibrate the mass 
spectrometer for various gases. This is achieved by 
admitting gas into the vacuum system at a known rate via a 
previously calibrated SiC leak. The pressure behind the 
leak is measured directly by a capacitance bridge microma-
nometer and a mercury/ oil manometer. Knowledge of the 
conductance of the leak and the gas pressure allow the 
calculation of the gas flow rate into the system. 
12 
this technique, gas flow rates in the region of 10 -
Usino 
16 
10 
atoms/s can be accurately produced [88]. The u.h.v gas 
handling plant used in these experiments is schematically 
depicted in figure(E.8l 
with GV1-3, Vl-4, UHVl-4 all open, and with UHV5, 
LVl-2 shut, the calibration plant is pumped to u.h.v. GVl, 
GV3 and V3&4 are then shut and by operating LVl (mean while 
constantly monitoring either of the manometers, depending 
on the presure of interest) known quantity of air is 
admitted into the system. Using LV2, the gas of interest 
(Argon and Nitrogen in this case) is now admitted into the 
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u.h.v side of the plant, bearing in mind that V4 keeps the 
two sections of the plant isolated. The capacitance bridge 
micromanometer is now used to equalize the pressure of the 
argon (or nitrogen) admitted with that already known for 
the air in the glass manometers. In this way, the pressure 
of the gas is very accurately measured, before being 
admitted to the TES. 
Figure (8 .16, 8 .Ul shows that mass-spectrometer's 
signal is a linear function of the argon and nitrogen 
pressure. 
The average residence time 7 which an adatom spends 
on the surface is given by Frenkel equation 
7 = '{, exp (Ed /RT) 
where ~ is the adatom's period of thermal vibration normal 
to the surface, and is of the order of Debye frequency 
-14 
(10 s), R is the gas constant and "Ed" is the binding 
energy of the trapping site, normally refered to as the 
activation energy of adsorption. If the equilibrium 
concentration of adatoms is "Na" , the number of particles 
leaving the surface per unit time, using the above 
equation, is ginen by 
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dNa / d t = - Na j T =Nalr. {exp (-Ed/RT)} 
i.e. 
- dNa I dt = (Na I ~) exp ( -Ed / RT) 
Since desorption rate depends exponentially on temperature, 
it is expected to increase drastically upon heating. 
Figure (8 .·12) shows a typical evolution spectrum as a 
linear function of time for argon content one of the Co-Cr 
films, as observed by monitoring the signal intensity of 
the mass 40 on the mass-spectrometer. The minor desorption 
peak of around 400-500 degrees C is followed by a major 
peak around 600-700 degres c. These peaks are attributed 
to the different trapping sites or "bands" with their own 
unique activation energy [89]. 
Figure (8.13) shows a typical desorption spectrum for 
nitrogen content of the films, when the mass 14 on the 
mass-spectrometer was monitored (monitoring mass 28 is 
impractical as ever-present hydrocarbons are liable to 
contribute significantly to the mass-spectrometer's output 
signal). Since nitrogen is abundantly present in the 
desorption environment ( such as the boat, the substrate, 
etc.) even after long bakeout, we had to determined which 
portion of the spectrum was contributed by CoCr film alone. 
A desorption experiment was therefore performed on a 
molybdenum substrate on which no CoCr was deposited. It 
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of 
300 
nitrogen 
can be seen from figure (8.13)that the initial two peaks 
are the result of nitrogen evolution by the boat and the 
substrate, and only the second .peak is the result of 
nitrogen evolution by the film. 
The areas under appropriate peaks were measured and 
the resulting values were converted to equivalent torr L/s 
of gas using respective calibration graph given in figures 
(8.11&12). These values were further converted to number of 
gas atoms released as follows~ 
-6 
The SiC leak conductivity (] for helium is known to be 2*10 
torr L/s. Therefore the conductivity of the leak for other 
gases can be calculated taking into account the fact that 
the conductivity of any gas is proportional to 1/~, 
where M is the atomic weight of the gas concerned. For 
argon therefore we have 
(](He) I (J(Ar) = ...j M (Ar) /M (He) 
torr L/s 
Ar density is given in the litratures at one atmospheric 
pressure as 1.78 g/L, i.e 1.78/760 for one torr ( 760 is 
the number of torrs in one atmosphere1 therefore the weight 
of one liter of gas at a pressure of one torr is given as 
r 
-o 
(] ( Ar) = ( 6 . 3 17 6 0 ) * 1 0 * (1.78) 
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-9 
= 1.475 * 10 g/torr/1iter 
To convert this into the number of released atoms, the 
-24 
above value is devided 40 * 1.66 * 10 g, the weight of one 
-24 
argon atom. Note that the value 1.66 * 10 is cancelled 
out when percentage of argon atoms to CoCr atoms are 
calculated. 
The same procedure was followed when calculating the 
conversion factor for nitrogen and the value of 1.758*10-g 
g/torr/liter was obtained. For the number of atoms this is 
-24 
d~vided by 14 * 1.66 * 10 , the weight of one nitrogen 
atom. 
To calculate the weight of a 3 micron "thick CoCr 
film, on a disc 5 mm in diameter, the volume of the film 
was calculated and multiplied by the density of cobalt at 
8.8 g/cm3 alone for simplification (taking the atomic weight 
of Co alone is reasonable in view of the fact that over 80% 
of the film is cobalt and that the densities of cobalt and 
chromium are very similar, 7. 2 g/cm3 against 8. 8 g/c#.). 
2 
(1r) * (.25) 
-4 
= 5.18 * 10 g 
-4 
* 3 * 10 *8.8 
The number of CoCr atoms in the films was hence calculated 
-24 
(dividing by 59 * 1.66 * 10 ) . The ratio of the number 
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of atoms of the gas released over this value yields the 
percentage content of the gas concerned. 
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Before the results of the gas content measurements 
are presented, the numerous particle-solid interactions 
that are likely to take place when sputtering will be 
studied which may help to bring about an understanding of 
the physical processes dominant in sputtering in general 
-and reactive sputtering in particular- which aid impurity 
gas entrapment. 
Gas-solid interactions can be split into three 
separate processes: collision, adsorption ( with possible 
subsequent desorption), and diffusion [90]. The ability of 
certain reactants interacting with solid surfaces is given 
the general term of adsorption. The question arises as to 
what causes molecules to react with solid surfaces. 
-33 Any a torn on 
the surface is surrounded by other atoms in the same plane 
or the planes below it to which it is attracted, figure 
... (9.1)1, but there are none above it. There is thus a net 
force acting inwards and solids therefore possess a 
"surface energy" very similar, but much stronger than, the 
surface tension of a liquid. Hence, each surface atom has 
its valency requirement unsatisfied. 
One form of adsorption occurs as a result of 
molecule interaction with these free valencies, and can 
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Figure (9.1). Pictorial representation of surface 
energy of a covalent solid. 
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involve so much exchange of energy that it can be regarded 
as chemical reaction. This type of adsorption is termed 
chemical adsorption or "chemisorption". 
The other kind of adsorption that is recognized to 
occur at the surfaces of solids is due to Van Der Waals 
forces such as exists between moleCules themselves in the 
liquid state. When these forces are exerted between an 
atom or a molecule and a surface, there is physical 
attraction, without chemical reaction. This is termed 
physical adsorption or "physisorption". Whereas 
chemisorption leads at most to one monolayer coverage of 
the available surface, with physical adsorption several 
adsorbed layers may be formed [91]. 
Figure ( 9 . 2) shows three common forms for the 
potential energy between a gas molecule and a solid 
[92]. Curve (I) gives the potential energy for physical 
adsorption curve (II) gives the potential energy for 
chemical adsoption of a diatomic molecule which dissociates 
upon adsorption: curve (III) gives the potential energy for 
a dissociated molecule whose atom can penetrate the solid 
by diffusion. All the potentials are similar for large 
separations and a shallow minimum Ep is present for all 
gas-solid combinations. However, at short separations the 
deep attractive minimum Ec of chemisorption is different 
from the repulsive potential of physisorption. The surface 
plane of atoms presents an insuperable barrier to atoms 
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6 
which cannot diffuse into the solid. Which of these events 
will take place 
applies during 
temperature. 
depends 
the 
primarily 
collision 
upon 
and 
which potential 
upon the surface 
An incoming molecule experiencing potential (I) may 
become trapped or physisorbed in the minimum Ep, [93]. 
After a certain time of stay on the surface the trapped 
molecule will desorb and return to the gas phase. An 
incoming molecule experiencing potential (II) will go 
through all the events of potential I, but in addition can 
cross the potential barrier between Ep and Ec and become 
chemisorbed and therefore trapped in the deep potential 
minimum Ec. After chemisorption atoms can penetrate into 
the solid by random-walk process o~ diffusion. This is the 
physical process by which impurities can be implanted in 
the growing film. 
The occurrence of adsorption in sputtering is aided 
in that whereas the endothermic adsorption sites of most 
metals are populated only by exposing their surface to an 
atomic gas, and thus being totally unaffected by exposure 
to the molecular gas [94], the same sites can be filled by 
particular mechanisms occurring in sputtering which produce 
free gas atoms at the surface, such as bombardment with 
molecules and molecular ions, or by decomposition of other 
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gases such as N2, NH3, C02, etc. [95]. Apart from inducing 
such molecule~to-atom decompositions, gas particles with 
large kinetic energies (>-75 eV) can themselves become 
trapped by embedding in the lattice [96] . 
Consequently, three sorption mechanisms are expected 
to make a major contribution to the gas incorporation into 
sputtered films when reactive sputtering: ( 1) direct 
chemisorption of the molecular gas, ( 2) the chemisorption 
of atomic gas at endothermic sites, and (3) the sorption of 
energetic ions or neutrals which are physically trapped or 
embedded in the lattice. 
The gas-solid interaction thus far presented is made 
even more complicated by the heat flux of sputtering 
discharge and constant bombardment of the growing film with 
thermal electrons. The overallpicture can therefore only 
be one of extremely complex thermodynamic and chemical 
interaction. 
9.3 - Mechanism of argon entrapment 
on 
The flux of argon at a pressure of 10 m-torr~the 
substrate is 10 times higher than that of contaminants at 
10 m-torr. Therefore there is inevitably some argon 
trapped in the growing film. Although argon, like all 
noble gases, is chemically inert, its atoms do become 
adsorbed on the surface of most metals, although at room 
-UJ-
temperature the surface coverage is small [97] . 
The fraction fi of impurity of species i trapped in 
a film is given by 
where Ni is the number of atoms of species i bombarding 
unit area of film in a unit time during deposition, CXi is 
the effective sticking coefficient of the species i during 
deposition, and R is the deposition rate of the film. It 
has been shown [98] · that for inert gases with thermal 
energies, (X is zero. This is the result of - apart from 
the inertness of these gases - the fact that due to the 
high mobility of the adsorbed gases it is improbable for 
them to be trapped by the condensing film. Therefore, the 
amount of argon incorporated into the growing film should 
be very small. Winter and Key [99] proved this point by 
sputtering nickel film and, under similar conditions, 
evaporated an identical nickel film. They found that the 
argon content of their evaporated film was very small, less 
than 1% of that of sputtered film. Although for noble 
atoms chemisorption is discounted, there is a high 
probability of noble gas ions of significant kinetic 
energy, such as encountered in sputtering, being trapped 
when in collision with a surface [100]. However, it has 
also been argued that since the substrate is in the 
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relatively field free, negative glow region, there are very 
few mechanisms by which low energy argon ions could be 
given the minimum 100 ev required to penetrate into the 
substrate [99] unless they are a fast target argon neutrals 
and ions or thermal neutral argon atoms. Neutrals are 
liable to being trapped in the growing film as high energy 
argon ions, on impact v1ith the targert, are neutralized, 
and backscattered as fast neutrals towards the substrate 
[ 9 9] • 
Schwartz et. al. [102] found that during deposition, 
argon is partly removed from the surface by 
bombardment-induced re-emission and/or thermal release. The 
argon left is covered by adatom species and buried in the 
film. 
2~-~-=-b~JlQ~ __ c_~Q~~-~~-gJ __ ~Q~S-_Y@I§-~~-§p_~t~~S-hQg_ 
f>ii-~<l!ll~J:.-~~§ 
2~-~~l_: __ ~r-~_o_ut~P-~_s§_JL_f~p_c_~igp __ ~f-~_is§_y_~l~~it~ 
Figure (9.3) shows the argon concentration as a 
function of bias voltage. Here, the bias voltage is taken 
as an indication of the maximum energy with which Ar+ ions 
bombard the growing film. On this basis, the increase in 
the argon content of the films could be explained by simply 
relating the implantation rate of the argon into the 
growing film to the energy imparted to the argon ions by 
the negative substrate bias field. Hence, the higher the 
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-200 
bias field, the greater the number of ions accelerated 
towards the substrate by the bias field. The small amount 
of argon in the films at zero bias is attributed to the 
high energy neutrals originating from the target, as there 
are very few argon ions in collision with the substrate at 
zero substrate bias [103] . 
Cuomo et.al. [103] 
argon content of their 
relationship 
% Ar = K Ar 
2 
V a 
found a similar graph for the 
Co-Gd-Mo, and derived the 
where K is a constant and Va is the sputtering voltage. 
Ar 
Winter and Key [105], however, measured for their de 
sputtered Ni films a different functional dependence. They 
found a decrease in argon content between -50 to -100 V and 
attributed it to the fact that Ar+ ions could have a high 
probability of sputtering previously adsorbed argon, yet do 
not possess enough energy to be driven into the surface and 
themselves be trapped. This they verified by experiments 
[106] which indicated that Ar+ ions with energies between 
30 and 100 eV cause ap.preciable sputtering of previously 
sorbed argon. At higher bias voltages, they argued, the 
Ar+ ions are of sufficient energy to be embedded. 
No such a minimum in the concentration of argon was 
-137-
observed for the series of CoCr films tested. 
The work described above for argon illustrates that 
the simple generalization that bias sputtering will lead to 
the preferential resputtering of the previously sorbed 
gases is not necessarily true for all kinds of impurity 
gases. In the case of the CoCr films examined, it in fact 
led to an increase rather than a decrease in the impurity 
concentration . 
-~~~~-2 __ :_~2:_£9E-~~!--~~-~--f-~~~-t-~~~-E-~-~P~-~t~EJ~q __ 
J2E~~-~~E~-
In order to expand on our data on the argon 
content of the films, further experiments where other 
sputtering parameters were alteredwere performed. 
In figure (9.4) the argon concentration of the films 
against sputtering pressure in the case where no bias was 
applied is shown. It can be seen that raising the argon 
pressure actually reduces argon's tendency to accumulate in 
the coating. This graph is rather interesting, for it 
hints at the origin of the implanted neutrals such as argon 
as being the target. At higher pressures, due to numerous 
collisions, progressively fe~ver ofT~energetic argon atoms 
which are backscattered from the target arrive at the 
substrate with enough energy to drive into the surface 
having been reduced to mere low energy thermai neutrals 
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through their collisions with the sputtering gas molecules 
and ions. 
Some authors [107, 108] believe that in bias 
sputtering the impurities preferentially sputtered from the 
films are still liable to return to the film surface by 
backscattering from the target and, therefore, suggest that 
bias sputtering may be more effective in reducing the film 
impurities at elevated sputtering pressures. 
content 
--------
The dependence of argon concentration on sputtering 
power for films biased at -100 V is shown in figure (9.5). 
This could easily be explained by arguing that the higher 
the sputtering power, the greater the energy of the 
backscattered neutrals, and therefore the higher the 
probability of their implantation into the growing film. 
9.5 -Nitrogen concentration of bias sputtered CoCr 
---------------------------------------------------------------
films 
The nitrogen concentration for films grown under 
negative substrate bias condition is shown in figure (9.6) . 
A similar graph of nitogen concentration in tungsten was 
obtained by Winter et. al. [107]. It is apparent that bias 
sputtering does have a beneficial effect in reducing the 
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Figure (9 . 6 ). Variation of nitrogen content of a series 
of films reactively sputtered in an argon-nitrogen 
a t mosphere. 
nitrogen contents of the films. This fact will later be 
put into good use when trying to assess what values of base 
pressure can be reasonably tolerat-.ed ·;: when depositing CoCr 
films before adverse properties set in. Bias sputtering 
should help to raise this threshold. 
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CHAPTER niO" 
Effect of addition of impurity gases 
in sputter deposition of CoCr 
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10 Influence of impurity gases on the film 
----------------------------------------------------------------
properties 
--------------
In add~tion to the common outgassing of the walls of 
the sputtering chamber and the target material, most 
commercially availdble substrates release finite amount of 
occluded impurity gases after evacuation through a 
degassing process, aggrevated by the plasma heat flux, the 
combined effect of which is to contaminate the sputtering 
gas and the depositing film. Further more, there is a 
limit to the purity of sputtering gases commercially 
available, and these could therefore prove to be a source 
of contamination themselves. 
An interesting example is given by Chapman [109] in 
which he has calculated that at a sputtering rate of 200 
angstroms/s, the monolayer formation time to be only one 
15 
second (based on 10 atoms/cm/s, for a typical atom which 
is 3 angstroms in diameter) • This rate corresponds to an 
-6 
equivalent gas pressure of 10 torr. Therefore, at a 
-6 
background pressure of only 10 torr, for every sputtered 
atom that arrives at the substrate, there will be one 
impurity atom arriving too. This amount of contamination 
could alone result from argon at a pressure of 20 m-torr 
which is 50 ppm pure. Hence even highly pure argon can 
introduce a considerable amount of impurities. 
The impurities resulting from the surroundings could 
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be reduced if fast and efficient pumping, both before and 
during sputtering, of the chamber is effected. On a small, 
laboratory, scale the cost of pumping to high vacuums, as 
well as the time required for it, may not be of great 
concern, however, when considering a large scale industrial 
plant these aspects become vitally important if the final 
product is to be commercially viable. 
Nevertheless, there is little that can be done about 
the possible presence of impurities arising from the 
deposition gas. One possible counter measure could be to 
selectively exclude the impurity species from being 
implanted into the growing film by, for example, utilizing 
bias-sputtering technique. However, this method has its 
limitations too. It was observed, in the previous chapter, 
that there was a limit in the reduction of nitrogen in· the 
films at moderate bias voltages, as the increase in the 
argon content of the films when too high a substrate bias 
voltage was used,coupled to a corresponding collapse of 
orientation at elevated substrate bias, set a limit to the 
upper threshold of the value of the negative substrate bias 
permissible. 
It may therefore be useful to know the extent to 
which common impurities can affect the quality of the films 
not withstanding any preventative measures that could be 
taken, such as biasing. In this way an estimation of 
tolerable quantities of each impurity gas may be made. 
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In the following experiments, the effect of common 
impurity gases such as N2, 02 and H2 on the magnetic and 
structural properties of CoCr is studied by intentionally 
adding controlled amounts of each individual contaminant to 
the sputtering chamber during sputtering, i.e by "reactive 
sputtering''. Iwasaki et.al. [110] have already made a 
study of the effect of these gases on the properties. of. 
dc-magnetron sputtered CoCr films, and Coughlin [72] 
measured the effect of N2 on the quality of CoCr perpend-
icular recording media. Here, based on the data already 
presented in this work, it will be assumed that biasing 
will make a noticeable contribution in reducing the 
quantity of the particularly harmful species embedded in 
the films and, therefore, the role of those impurities on 
the magnetic and structural properties of the films in the 
presence of negative substrate bias will be studied. 
The relationship between nitrogen concentration in 
sputtered films and partial pressure of nitrogen divides 
materials into three classes. The class 1 materials, such 
as W and Ta, are characterized by the fact that they have 
relatively high concentration of nitrogen for all values of 
partial pressures. Class 2 materials, such as eo and Cr, 
contain little nitrogen for small values of nitrogen 
partial pressure but they form nitrides at higher values, 
while the materials of class 3, Au and Ag, contain 
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relatively little nitrogen for all partial pressures [111]. 
Figure (10.1) shows the way in which presence of 
nitrogen destroys the (00.2) h.c.p. orientation above a 
-6 
partial pressure of about 2*10 torr. This also rep re-
sents a minimum in Ms. As the nitrogen partial pressure is 
increased, the Cr which starts off at around 16 at% in the 
films sputtered in a relatively nitrogen free atmosphere, 
goes down to values below 14 at%. Ms could be expected to 
rise because of greater at% cobalt and not necessarily 
because of greater chromium segregation. The chromium 
decrease could be due to an increase in positive ion 
density from the additional nitrogen atoms pr~ferentialiy 
re-sputtering chromium atoms in the negative bias field. 
In figure (10.2) Hk reduces rapidly with increase in 
nitrogen content. At the same time an in-plane orientation 
is developed as indicated by increase in in-plane remanence 
ratio. There is a corresponding decrease in perpendicular 
remanence ratio and an expected decrease in perpendicular 
coercivity. Figure10.2.5 is a TEM diffraction picture of a 
300A thick CoCr film deposited in an atmosphere containing 
-5 
as little as 4 * 10 torr partial pressure of nitrogen, in 
which the reflections of the h.c.p. texture are not as 
clear as those of a typical well-oriented film presented 
before. 
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Figure (10 . 2 . 5) : T . E . M. micrograph and its corresponding 
diffraction pattern o f a CoCr film reactively-sputtered in 
an atmosphere of nitrogen . 
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There are two processes by which oxygen can be 
incorporated in the films. The column boundaries are 
relatively open structures and can allow er, which 
surrounds the column, to getter oxygen without creating 
appreciable lattice distortion [112]. Worse still, it can 
take part in a process of "selective oxidation" of column 
boundaries, thus removing Cr from solution by formation of 
anti-ferromagnetic Cr203 and affecting the structure of the 
films [113, 114]. Yet, negative substrate bias can 
suppress the oxygen incorporation ·into the sputter-
deposited films [115]. 
The effect of controlled amounts of oxygen on the 
orientation of bias-sputtered films is shown in figure 
(10.3) It is evident that the effect of oxygen on the 
perpendicular orientation of the films is quite severe. The 
disappearance of h.c.p. (00.2) orientation is rapidly 
followed by an enhancement of the (10.0) in-plane 
orientation. This in-plane component is itself destroyed 
as the oxygen partial pressure is further increased. 
In figure(10.4), the disappearance of perpendicular 
coercivity and remanence is followed by the appearance of a 
strong in-plane remanence. 
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Figure (10.2.6): T.E.M micrograph and diffraction 
pattern of a 300 angstrom thick CoCr film reactively 
sputtered in an atmosphere of argon and 20 micro-
torr of oxygen. 
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10.3 - Effect of Hydrogen on the films 
-----·------------------------------------------
It is known that hydrogen [117, 118, 119] forms true 
solid solutions with large number of metals, table ( 3 ) , 
including Co and er, but with a solupility of less than 1%. 
There is, however, very little data concerning the effect 
of H2 on the properties of CoCr films. Iwasaki et. al. 
[llO] found that the presence of as much as 1 in 10000 
partial pressure of hydrogen in the chamber did not 
drastically effect the magnetic properties of CoCr films. 
The presence of small quantities of hydrogen 
actually brought about an improvement in the orientation of. 
the films as is shown in figure(l0.5) The results show a 
sharp peak for (00.2) orientation coupled with a decrease 
in the in-plane value. For this pumpdown, the initial 
values are lower because the quantity of impurity gases of 
N2 and 02 present in the chamber exceed that of H2 at such 
low partial pressures, but the effect of hydrogen is still 
to compensate for the additional impurity gases of N2 and 
02 and produce optimum conditions at 10 - 6 torr partial 
pressure of hydrogen. 
one possible explanation for this improvement is 
that hydrogen, itself easily evacuated by the diffusion 
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tv1etal 02 c2~ c2 H4 CO ~ C02 N2 
Cr X X X X X X X 
Co X X X X X X 
-
X = Strong Chemsorption O:c.urs 
= No Chemisorption (or Unobservable) 
Table (3) . The ability of Cr and Co to chernisorb common 
impurity gases , present in sputtering e nvironrn- ent . 
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pump, could help the removal of other residual gases by 
reducing their mean free paths through collision. Altern-
atively it could combine with difficult gases like oxygen 
and nitrogen to form more manageable compounds. 
Figure (10.6) shows the magnetic characteristics of 
films sputtered in hydrogen-argon plasma. The perpend-
icular coercivity and remanence-ratio peak at about the 
same region as the (00.2) orientation of figure (10.5). 
The in-plane remanence rises sharply as hydrogen partial 
pressure is increased. Iwasaki et. al. [110] have 
indicated that the precise role of hydrogen is not known 
because there was no evidence of hydrogen inclusion in 
their films. The mechanism by which hydrogen controls film 
behaviour is yet to be discovered. 
The T.E.M diffraction when the hydrogen partial 
-5 
pressure was 4*10 is presented in figure (10.6.5)· 
A general summary of the effects of various gases 
and substrate bias on the crystallographic orientation 
of 0.5 micron thick films can be seen from figure (10.7). 
It is noted that films with no bias result in no intensity 
peaks. It was found that the f.c.c. phase is predominant 
-5 
at 6*10 torr nitrogen partial pressure. Hydrogen and 
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Figure (10 . 6 . 5) : T . E . M. micrograph and its corresponding 
diffraction pattern of a CoCr film reactively-sputtered in 
a n atmosphere of hydrogen . 
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Oxygen behave in a similar manner with strong (10.0) and 
(10.1) orientation and a much reduced (00.2) orientation. 
f.c.c. phase was not apparent for this partial pressure for 
H2 and 02. The most significant peak is in the (00.2) 
orientation under -100V bias. 
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CHAPTER 1J 
Application of Magneto-optic effect 
to CoCr films 
-163-
In this section the three magneto-opt~c effects will 
be briefly outlined, and a semi-mathematical description, 
of the effect will be given. 
11.1 - Magnetooptical Effects 
------------------------------------
It was observed in the latter part of the last 
century that after a plane polarized beam of light .has 
split into a transmitted and a reflected portion upon 
incidence on a ferro-magnetic body, on magnetization of the 
body in a direction parallel to the beam, the beams become 
elliptically polarized with their major axes rotated with 
respect to the plane of polarization of the incident beam. 
,.. 
When refe~ing to the transmitted beam, this phenomenon is 
called the "Faraday Effect": it is known as the magneto-
optic ''Kerr Effect" when it refers to the reflected beam. 
The magnitude of the Kerr rotation is normally much smaller 
than Faraday rotation. 
Three different kinds of Kerr effect can exist 
depending on the relative orientation of the sample 
magnetization with respect to the optical geometery, figure 
(11.1)· 
Longitudinal Kerr effect manifests itself in the 
following manner. A polished ferromagnetic surface is 
-lb4-
Incident b:?am ~flee ted beam 
I 
M 
Figure (11.1) . Kerr effect configurations , a) Polar , 
b) Longitudinal and.c) Transverse . The magnetization 
vector is represented by M, while the plane of inc idence 
is shown dotted . 
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magnetized in a direction that is both parallel to the 
plane of incidence and to the surface of the material. If 
light that is plane polarized with its electric vector in 
the plane of incidence (i.e.,''p" polarized) is reflected 
obliquely from the magnetized surface, there will appear a 
small "s" component in addition to the reflected "p" 
component. Therefore a rotation is introduced, which is 
zero at normal incidence, reaching maximum for angles of 
around 60 degrees. 
Since the longitudinal Kerr rotation is minute for 
Co [120] and therefore hard to detect, this is the only 
effect which will not be explored in detail here and the 
transverse Kerr effect is used instead, in the following 
experiments for characterization of the in-plane magnetic 
properties of CoCr films. 
11.3 - Polar Kerr effect 
------------------------------
The polar Kerr effect is the only one of the three 
effects which is non-zero at normal incidence. A rotation 
is obtained in a similar way to the longitudinal case, i.e. 
a small, out of phase, "s" component is added to the "p" 
polarized reflected light, resulting in ellipticity and, 
hence, rotation. In this mode, the magnetization M must 
necessarily have a component normal to the reflecting 
surface and, therefore, only materials with high uniaxial 
anisotropy can exhibit such effect. Also, owing to the 
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large demagnetizing fields in ferromagnetic thin films, 
large applied fields are required before noticeable effects 
can take place. Yet this is the largest of the three Kerr 
effects. 
11.4 - Transverse Kerr effect 
In the transverse Kerr effect, however, there is no 
rotation of the plane of polarization. It is observed 
f 
merely as a result of a change in the reflection coe~icient 
of a ferro-magnetic surface, for an obiquely incident light 
which is "p" polarized. This effect can also be measured 
as an effective rotation and is of the same magnitude as 
the longitudinal effect [121] . 
---- (11.1) 
here pp(-) reflection coefficient for "p" 
polarized light and PoP is the intensity reflection 
coefficient for a light reflected from the demagnetized 
specimen. The magnitude of 0 is dependent on A , the 
wavelegth of the incident beam and also on the angle of 
incidence of the light, reaching a maximum around 85 
degrees from normal [122]. 
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11.5 - Macrosco~ic description of Kerr effect 
Here, an outline of a phenomenological discussion of 
magneto-optical phenomena as given by Sokolov [123] will be 
presented. For a comprehensive description of this pheno-
menon the reader .... is refe~ed to text books on the subject 
[124' 125] . 
The macroscopic description is based on general 
differential equations for the electromagnetic field 
1 as 
=Curl E 
c at 
1 ao 
at 
Curl H 
c 
---- (11.2) 
and the tensor equation 
" 0 = ~ E 
8 = JL H ---- (11.3) 
where ~/ is the permittivity tensor of the magnetized 
ferromagnetic metal. This tensor takes the same form as 
the permittivity tensor used in crystal optics, except that 
here the components of the tensor are complex (due to the 
medium being absorbing) , and their imaginary parts are 
negative. Consider now the usual Fresnel reflection 
formulae 
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---- (11.4) 
0 
Also the generalised reflection formulae which allows for 
the effect of magnetisation 
---- (11.5) 
r21 
comparison of equations (11.4) and (11.5) shows directly 
that it is only the non-diagonal components of the 
reflection matrix which are functions of magnetization. In 
the absence of magnetization r21 and r12 vanish and the 
generalised reflection formulae (11.5) becomes identical 
with the Fresnel formulae (11.4). Similarly, in the 
permittivity tensor 
I 
, 
~ -it/;~ 
f= I I i ~ t/; ~ 
---- (11.6) 
0 
where 
t 1 r /, 
..- = ~ -i 4 71" a/ w 
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is the complex permittivity and ~ is the magneto-optical 
parameter, and a and W are the conductivity and angular 
frequency of the vibration respectively. When the 
magnetization is zero, the non-diagonal elements of the 
tensor vanish and the diagonal elements become identical 
" , ~ =Eo ) , that is, the body becomes optically isotropic. 
The diagonal components of the permittivity tensor of a 
ferromagnet 
I ~XX 
, 
= ~yy 
, 
= E are functions of the magneto-
optic parameter~ . Experiments show [126, 127] that this 
I 
pararmeter is small ( < <1) and therefore the function ~ ( ~) 
may be expanded into a series of increasing powers of ~ 
Taking the most significant terms 
---- (11.7) 
On reversal of the direction of magnetizatio~the above 
s 
expre~ion becomes 
( ai)t/1 ~ ~=0 + 
, 
Further more, ~( ~ = 
1 
2 
/ 
---- (11.8) 
~ (- ~ ) , since the physical 
properties of a body must be invariant under magnetization 
reversal. Comparison of equations (11.7) and (11.8) yields 
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I 1 
~D +-
2 
A vector r can be defined such that 
1/; 
1 
"2 
and hence 
i.e. 
, , 2) ~ = t ( 1 + r'if; 'if; 
On substituting (11.12) into (11.6), we 
(1 +rl/;2 ) i( ~~''+rl/;3 ) 
(= i( 'if; +rit'J) ( 1 +rl/;2 ) ~ 
0 
0 0 
---- (11.9) 
---- (11.10) 
---- (11.11) 
---- ( 11.12) 
obtain 
0 
---- (11.13) 
0 
1 
It will be assumed that the medium is not only electrically 
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but also magnetically anisotropic and that it has magnetic 
permeability tensor of the form 
- i JL{j 0 
JL = 0 
---- (11.14) 
0 0 
where {} is the second magneto-optical parameter, which is 
like 1/; a function of magnetization M and permeabilityp. 
I , 1/ 
JL-LJL 
---- (11.15) 
Following the same procedure as permittivity, we obtain 
---- (11.16) 
substrtuting (11.16) and (11.14) we obtain 
2 3 
(1+\Jl?l i( t?+~t?) 0 
~ 2 
fL = IL0 i(t1+~t1) (1+~11) 0 ---- (11.17) 
0 0 1 
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On substitution of equations (11.3) and (11.17) into 
(11.2-11.3) ) , we are left v:ith set of simultaneous 
equations whose solutions, subject to boundary conditions, 
allow the magneto-optical scattering coefficients of equ. 
(11.5 ) to be expressed in terms of the phenomenological 
constants , l/; , and f) . 
An alternative description using the conductivity 
tensor is given by Bennet and Stern [128] . 
11.6 Physical origins of magneto-optical effects 
---------------------------------------------------------------
Early attempts to explain the above phenomena on a 
microscopic theory of matter consisted in using the 
Becquerel formula for the difference of the ~ndices of 
refraction for right and left circularly polarized light 
under the action of an external magnetic field [129], where 
he . had considered a system of harmonically bound electrons 
in an oscillating electric field and with a static magnetic 
field along the z axis, and derived the polarizability 
---- (11.18) 
where WL: eJLoy2m is the Larmor precession frequency, 'Y the 
damping factor associated to electron motion, and m is the 
electron mass. 
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The above is related to the dielectric factor by 
---- (11.19) 
,.. 
polarized the upper sign refe~ing to right circularly 
light (RCP) , and the lower to left circularly polarized 
light (LCP) respectively. If the index of refraction in 
the absence of applied field is new) 
' 
then the indices of 
refraction in the presence of the field are 
new)- new> =2W 
+ -
dn 
dw 
In the above treatment it was assumed that in 
ferromagnetics there is an effective magnetic field active 
of considerabaly higher order of magnitide than that of 
7 
external field (10 Oersteds). To explain this, Hulme 
[13 0] introduced into the picture the spin-orbit interac-
tion, which is a phenomenon associated with quantum 
mechanics. This is the energy of interaction of the 
magnetic moment of an electron,~, with the magnetic field 
it "sees" as it moves through the electric field,-VV 
inside the medium with momentum , p , and it has the form. 
'"" p X V V·P 
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Such an interaction provides a relation between the 
motion ( P ) and the magnetic moment ( ~ ) of the electron 
(bearing in mind that it is the motion of the charges that 
is of importance here, since this motion gives rise to the 
electric current and thus affects the optical properties of 
the specimen). Therefore, spin-orbit interaction could be 
responsible for the optical and the ferromagnetic 
properties that Kerr effect indicates. In so doing, he 
postulated that the spin-orbit interaction can be thought 
of as an effective magnetic field, of vector potential, on 
the motion of the electrons. 
One of the interesting points that comes out of 
Hulme's calculations is that the Kerr rotation vanishes 
unless there is a difference between the extinction 
coefficients of right and left - cicularly polarized 
light, that is, the medium must necessarily be absorptive 
as was noted before. 
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CHAPTER ·/2 
Magneto-optical signal detection 
-176-
Because of the finite amount of signal available in 
magneto-optical detection systems, optimization of the 
signal-to-noise ratio becomes essential if accurate and 
meaningful magnetic information is to be obtained. 
In this section the nature of the various kinds of 
noise inherent in magneto-optic detection systems will be 
discussed so that efficient counter measures in the· form of 
a noise reduction technique can be taken. 
The magnetic information in the polar Kerr 
. .... 
magneto-optical effect lS transfe~ed to the reflected light 
beam essentially as a change in the direction ofpolariz-
ation. Let the difference of this direction for the two 
states of polarization be denoted by the Kerr angle ~ . If 
an analyzer· is introduced in the path of the reflected 
beam, then the change in transmitted power for light 
reflected from two oppositely magnetized areas will be 
[130.5]. 
2 2 
sin ( (} + ~ ) - sin(} (12.1) 
where (} is the angle of the rotation of the analyzer from 
-177-' 
its position of minimum tranmittance and w0 is the light 
power reflected by the magnetic medium. The angle~ is very 
small (a few minutes of a degree) [130.6]. Normally () » ~ 
therefore 
Aw = w0~ sin 2 () (12.2) 
and the average light power reaching the photodiode will be 
2 
w = w 0 sin () (12.3) 
12.2 - Noise 
---------------
Having found the magnitude of the signal that one 
expects, it is now appropriate to deal with the various 
noise sources inherent in such a system. The three major 
ones are: shot noise in the photodetector due to quantized 
nature of light~ noise due to depolarization as a result of 
surface imperfec.tions~ light level fluctuations due to arc 
instability, plasma noise in the gas laser and minute 
fluctuations in the laser's supply [131] 
The shot noise current I in photodetectors [132] is 
n 
given by~ 
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I 
n 
y2 
= ( 2 e f P w0 ) sin (j 
and the signal current, I , is given by 
s 
I = P W0 cPsin 20 s 
(12.4) 
(12.5) 
-·~ where e = 1.6 * 10 C is the electron charge, f is the 
bandwidth, and P is the conversion coefficient of the 
-2 
photodetector, a typical value of which is 3 * 10 AIW. 
From these two equations one finds the 
signal-to-noise ratio 
Is I In 
'h . 
= ( 2 P w0 I e f ) 'cP cos (j (12.6) 
It is noted that this ratio is essentially independent 
of (j , the analyser angle, in the whole region of interest, 
which rarely will exceed 10 degrees, for reasons which will 
be obvious later. This ratio will increase with the light 
power, w0 : hence the superiority of a laser to a convent-
ional light source. Also the laser beam has the advantage 
of being a well-collimated which is valuable when compli-
cated optical paths are to be tackled. 
2) Surface depolarization of the light 
Observation of the film surface shows surface 
imperfections and mound-like features. Suppose that these 
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features have a dimension, d, of a few tenth of a micron: 
they scatter light roughly as if they were pinholes in the 
path of plane wave, and thus the diffracted light origina-
ting spreads with a cone angle,~, of the order of A/d 
where A is the wavelength of light. Although the incident 
light is polarized, the light diffracted by the imperfec-
tions is essentially depolarized, hence there will be a 
certain depolarized component in the light reflected of the 
surface. 
Since the fraction of the depolarized light is 
independent of the analyzer angle, e . and the signal is 
proportional to sin 2 e ,equ. (12.2). therefore by increas-
ing 9 , one will increase the signal-to-noise ratio due to 
surface imperfections. 
On the other hand, as 8 increases, the contrast 
decreases, and the effect of light level fluctuations 
become more and more pronounced. Following equ. (12.3), this 
2 
fluctuation is proportional to sin e : thus the ratio of 
signal to this kind of noise is proportional to cotO and 
decreases with increasing 8 • The relative size of these 
two noise sources will determine the optimum angle e for 
minimum total noise. This is the limiting factor that sets 
the size of e to around 10 degrees, as was mentioned 
earlier. 
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Figure (12.1) shows the schematic diagram of the 
differential and the modulation schemes used to reduce the 
output noise of the polar Kerr magneto-optical system 
[130.5]. 
This scheme exploits the fact that the laser noise 
and the signal are carried in a different way by the beam 
of light; the noise is essentially an amplitude modulation, 
while the signal is the modulation of the direction of 
polarization of the light. Because of this difference, the 
beam can be split into two information channels in which 
the noise will appear in common mode while the signal 
appears in opposite polarity so that the useful information 
can be added and the noise cancelled out by feeding the two 
channels to a differential amplifier. 
There are two different optical paths that can be 
adopted in polar Kerr measurements where polarization 
modulation is concerned. One is to split the beam into a 
reference and a signal channel before the beam strikes the 
sample, and the other is to split the signal channel alone, 
i.e., after the beam strikes the sample. The former 
benefits from the advantage that the same arrangement has 
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to be used for transverse Kerr effect, and is therefore 
useful when a combined transverse-polar Kerr effect system 
is needed where the experimenter can obtain both measure-
ments with minimum alterations to the instrument at the 
expense of some decrease in 8/N ratio. However, the latter 
approach is more useful when polar Kerr detection alone is 
of interest, where a superior polar Kerr SIN ratio is 
obtained. This latter technique will be described below. 
As explained above, the beam reflected by the Co-Cr 
film is amplitude split by a non-polarizing, non-absorbing 
beam splitter into two beams identical in every respect. 
Two analyzers are used for the two beams, set at angles 
+ 8 and - 8 to the minimum transmittance position, respect-
ively. This setting is made for the medium magnetized in 
"zero" state. The light ·is fed to two photodetectors and 
to a differential amplifier. Hence all the fluctuations 
that are common to both detectors (such as laser intensity 
fluctuations, sample depolarization) will be cancelled out. 
If the medium is now magnetized in one direction, one 
analyser will make an angle 8 + l/> and the other - 8 + 4> 
with the minimum transmittance position, and the difference 
in the light power that the two detectors will receive is 
given by Equ. (12.2). In this way one has complete 
freedom of choice in 8 . 
Note that any intensity modul~tion of the beam by 
the sample be it stray or genuine signal in this polariza-
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tion modulation mode will not present itself as a change in 
the output, as any such a change would be corrunon to both 
detectors. Hence, this differential scheme, although 
ideally suited to polar Kerr signal 
manifests itself through polarization 
detection which 
modulation of the 
light, cannot be exploited in transverse Kerr signal 
detection. 
The differential scheme, although very effective in 
reducing the laser noise, etc., does little to alleviate 
the problems caused by other kinds of noise, for instance, 
shot noise. This class of noise is more efficiently 
handled by the modulation techniques in the form of 
phase-sensitive detectors (PSD), commonly known as lock-in 
amplifiers. therefore, a Lock-in amplifier was constructed 
and was placed at the output stage of the differential 
amplifier. The light beam was chopped at a frequency of 375 
Hz, and a reference voltage derived from the same light was 
fed to the lock-in amplifier. 
A lock-in amplifier shares the same property corrunon 
to most ac indicating instruments in that it provides a de 
output proportional to ac signal under investigation. The 
traditional rectifier, however, makes no distinction 
between signal and noise and produces an error voltage due 
to rectified noise components. 
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The noise elements in the input signal to the PSD is 
removed when it is multiplied by a reference voltage of a 
frequency chosen to make the noise signal intentionally 
incoherent. 
In figure (12.2) 1 the signal and the reference 
are expressed in terms of their r.m.s. values Vs and Vr 
Vo/p = VsVr cos [ ( W s + Wr) t + q:,s + q:,r] 
+ 
VsVr cos [ ( W s - Wr) t + c/J·s - c/>rl] --- (12.6) 
Given that the low-pass filter cuts off at frequen-
cies much less than Wr, the sum-frequency component is 
effectively eliminated from the output. Hence, the noise in 
a lock-in signal is not rectified but appears in the output 
as an ac fluctuation. This means that the desired de 
response can be separated from the noise output, figure 
The mean output is therefore not affected by the 
presence of noise in the case of a lock-in. The reference 
voltage therefore makes sure that the detection process is 
"locked" to the signal of interest and will track the 
frequency variation in the signal source automatically. 
12.4 - Optimization of transverse Kerr effect signal 
The problems associated with transverse Kerr 
effect are, however, more acute than polar effect ln that 
this effect exhibits itself as a change in the reflection 
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Figure (12 . 1) . A schematic diagram of the electronic 
detection system used for the Kerr l oop plotter . 
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Figure (1 2 . 2) . A mat hemati c a l representation of the 
mu lt i plica tion o f t he input signal to a PSD with a sine 
wave re f erenc e frequency . 
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Figure (12 . 3) . The detection process in a lock-in 
amplifier . a) The signal and reference 90 degrees out of 
phase hence the 0/P is zero . b) here the phase 
difference is 180 degrees and the 0/P is negative (when 
it is zero , the 0/P is positive) . c) The effect of 
spurious frequency component, still averaging to zero . 
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coefficient of the ferromagnetic surface and is, therefore, 
intrinsically independent of polarimetric measurements 
described before. More over, this fractional change in the 
intensity 
making the 
is very small (of the order of 1 in 10000), 
case for a high value of SIN ratio even 
stronger. This intensity modulating effect can lead to the 
undesir~able laser fluctuation making its presence noticed 
on the signal in the following manner. 
For the differential system to operate, with no 
magnetic field applied, the detectors' pre-amplifiers' 
gains (or for that matter the intensity of the beam to each 
detector) are adjusted until the output of the differential 
amplifier gives a zero reading. Then, on application of a 
magnetic field to the sample this balance is disturbed 
since the amplitude of the laser is modulated. (as one of 
the detectors will now receive more light). However, since 
this signal appearing on one of the detectors is necess-
arily not compensated by the other detector, the amplitude 
of the modulation, originating from a noisy beam, will 
appear noisy, although to much lesser extent than if a 
differential scheme were not used at all, as fluctuations 
on the unmodulated portion of the beams are still 
cancelled; Hence the differential scheme's limited use in 
eliminating noise such as laser fluctuations in transverse 
effect signal detection. Therefore, owing to this 
light-intensity dependence of the signal amplitude, the S/N 
ratio is particularly prone to laser fluctuations. 
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This factor helps to reduce the S/N ratio of the 
transverse Kerr detection to below that of its polar 
counterpart, figure (12.4) The in-plane hysteresis loop 
was therefore essentially noisy. Using a signal averaging 
method by going round the hysteresis loop serveral times, 
the S/N ratio was considerably improved. A hysteresis loop 
could then be plotted, from which coercivity values were 
obtained. 
Owing to the particular sensitivity of signal 
detection technique used in transverse Kerr effect to laser 
intensity fluctuations, the use of ordinary filament lamps, 
being inherently less liable to fluctuate, assuming a 
stable power source, is probably more advantageous. 
However, collimating this kind of filament light source to 
small diameters and maintaining the collimation over 
adequate optical paths requires sophisticated optical 
apparatus and is not readily achieved, a problem from which 
laser beams do not suffer. 
12~~--=---~~P~-~im~~-~~l---~~t---~--9Jl_t~jffia~~to=~ti~­
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Figure (12.5) shows a schematic diagram of the 
magneto-optic system for both polar and transverse Kerr 
effects. A picture of the same set up presented in figure 
(12.6). A 3mW He-Ne laser ( 6328 angstroms) was used as the 
light source. Having passed through a 1:1 mark-space ratio 
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Figure (12.6): The 
magneto-optic Kerr system. 
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Figure 
plotter . 
(12.9): The improved polar Kerr loop 
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chopper, the beams was then split into two beams cf equal 
amplitudes by a non-polarizing beam splitter. The 
polarizers P3 and P4 serve to adjust the amplitude of the 
reference beams, with that of P1 setting the plane of 
polarization. The polarizer P1 was intentionally placed 
after the beam-splitter to minimize unavoidable depolari-
zation of the light beam by the beam splitter. 
The electro-magnet supplies a perpendicular field of 
up to 10 KOe in the critical region of the disc. The pole 
shaping for perpendicular fields was arranged to achieve 
maximum uniformity of field, figure (12. 7a) . The angle for 
measurements of the perpendicular properties was chosen at 
4 degrees (2 degrees from normal), for which the polar Kerr 
effect hardly decreases [133] . 
The removal of the polarizer P2, centre pole C and 
the reversal of the current in one of the coils supplying 
the side poles A or B changes the magnetic field from polar 
to transverse Kerr effect. In this arrangement the fringe 
fields, figure (12.7b) , were used to magnetize the film 
transverse to the plane of incidence of the laser. For the 
transVerse mode, angle of incidence of the laser was set 
at 80 degrees (40 degrees from normal). To maximize the 
transverse gyro-electric effect (which is a bigger effect 
than transverse gyro-magnetic effect) [124], the light beam 
was p-polarized in the in-plane mode. 
The whole apparatus was mounted on an anti-
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Figure (12 . 7 ). (a ) Schematic illus t ration of the pole 
pieces and the magnetic field lines for the perpendic -
ular case and: (b) that of transverse case which exploi-
ts the fringe fields to magnetize the film . 
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vibration platform in the form of marble slab resting on an 
air cushion. 
The detectors were of photo-voltaic kind which are 
inherently less noisy. The size of their active area was 
chosen to be 50 mm square - much larger than the diameter 
of the laser beam - in order to ensure that any physical 
vibration of the beam does not translate into noise. At a 
later stage in the experiments when only polar Kerr results 
were of interest, a new arrangement for the magnetic field 
and the optical lay out was used. It was hoped that by 
using this new set up the magnetic field could be made more 
homogeneous in the region occupied by the sample. Figure 
(12.8) shows this new set up where a bore was made in one 
of the centre pole of an electromagnet to allow the passage 
of the laser beam at an angle of 2 degrees from perpendi-
cular. This was found to result in even more uniform 
magnetic field for the polar Kerr effect. Further more, the 
beam splitter was replaced by a mirror (gold coated for 
maximum efficiency) and Kerr rotation detection was 
effected using the lay out depicted in the same figure. 
The uniformity of the field was then checked by applying a 
small AC voltage to the magnet, and measuring the voltage 
induced in a loop 0.1 square mm in diameter when inserted 
in the region where the sample was placed. This technique 
yields a better resolution than using commercially 
available Hall probes, which at best resolve areas no 
smaller thari 1 square mm. 
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This new kind of differential scheme, where the beam 
splitter was placed after the beam hit the sample, as was 
explained earlier, resulted in an improved SIN ratio. 
One of the analysers is set at an angle of + 5 
degrees from extinction, and the other analyser is set at 
-5 degrees. The detectors, Dl and D2 , monitor the beam 
intensity, the output of which is fed to the differential 
amplifier eliminating most of the common mode fluctuations 
of the light intensity. With this polarizer setting, when 
no field is applied to the film, the differential amplifier 
gives a zero reading. The change in the amplifier's 
reading, on application of magnetic field to the sample, is 
then registered and plotted against the magnetic field. 
12.6 Magneto-optical measurement on CoCr/NiFe 
---------------------------------------------------------------
sputtered on an optically polished aluminium disk 
Figure(12.10) shows the perpendicular hysteresis 
loop obtained from a CoCr sample, sputtered on NiFe, using 
a V.S.M. next to that obtained using the magneto-optical 
technique. The NiFe itself was sputtered on glass 
substrates. The v.s.M. results for double layer films give 
only an average assessment of both films together, whereas 
for magnetic recording applications it is necessary to know 
the properties of surface CoCr layer only. This 
demonstrates the advantage of the magneto-optical 
technique. 
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Figure (12 . 10 ) illustrates the way the V.S . M perpend-
icular signal becomes swamped by that of NiFe under-
layer , whereas its M-O loop is unaffected . 
Figures (12.11) and (12.12) illustrate the variation 
of perpendicular coercivity, in-plane coercivity and the 
saturation magnetization of the double layer Winchester 
disk both tangentially and radially. The uniformity in the 
deposition profile as offered by hexagonal arrangement of 
er pieces with comparatively small Cr spacing to 
target-substrate distahce ratio, has indeed yielded a 
uniform Ms. The coercivity which is, as was shown before, 
the function of both the thickness of the film and Cr 
concentration also shows a good consistency throughout the 
surface of the disk. 
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measurements of bias sputtered CoCr films 
Owing to the small skin depth of He-Ne laser beam 
(around 150 angstroms [133.5]), the magneto-optic technique 
provides a good medium for the measurement of surface 
magnetic properties, whereas the corresponding V.S.M 
measurements would yield the volume magnetic properties as 
a whole. 
In figure (13.1) the variation of the surface 
coercivity, as measured by a magneto-optic instrument and 
volume coercivity measured using a VSM both against the 
film thickness is shown. That these measurements should be 
different at all could imply that there is a coercivity 
gradient through the film thickness. However, the square-
ness of the perpendicular loop would discount any such 
gradient. It is therefore reasonable to conclude that the 
origin of this discrepancy should lie at the surface of the 
CoCr film alone. A-.· knowledge of the various possible 
coercivity lowering mechanisms in CoCr film may help to 
elucidate the cause of this anamolous behaviour. 
The presence of an initial transition layer of a 
thickness of 1000-1500 angstroms in RF sputtered CoCr film 
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measured by V. S.M . and .M-0 loop plotter respectively , 
against the film thickness. 
is noticeable on fracture cross-section. The columnar 
microstructure grows out of the initial layer that appears 
to be amorphous, but in actual fact it is polycrystalline, 
as the electron diffraction result of our 300 angstrom 
films, and thicker films [77], shows. Furthermore, the 
presence of an abrupt change or anomalous jump in the 
in-plane loops as observed by some authors [134, 135] has 
been attributed to this transition layer. Wouri and Judy 
[136] reported that the transition layer in RF-sputtered 
CoCr films is magnetically soft and reverses by domain wall 
motion. 
This layer could then simulate a soft magnetic 
underlayer which could bring about flux closure in the CoCr 
layer at the substrate interface. This flux closure could 
result in the reduced coercivity of ·the back layer, 
lowering the volume coercivity compared to that of the 
surface for films ranging in thickness from 300 to 4000 
angstroms. 
At a critical thickness of around 4500 angstroms the 
volume coercivity begins to exceed that of the surface 
coercivity. This deviation from homogeneous magnetization 
is thought to be due to the occurrence of reversed closure 
domains or "spikes" [137] at the surface of the films which 
become energetically favourable above certain film 
thickness. These spikes, figure (13.2), are the result of 
the phenomenon of minimization of total energy which is the 
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Figure (13. 2 ) - (a) , (b ) and (c) show the occurrence of 
closure domains in thin magnetic films with perpendic-
lar anisotropy as the film thickness increases . 
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sum of anisotropy field, wall, stray field and closure 
energies and were first observed by Takata [ 13 8] in a 
single crystal of cobalt. 
Figure ( 13 • 3) shows the variation of the surface 
coercivity and remanence, measured by magneto-optic 
technique, as a function of bias field. The same 
measurements carried out using a VSM are shown along side. 
The er content of these films was 16%, although er segre-
gation as bias voltage increases will mean that a smaller 
fraction of the er will take part in the dilution of the 
saturation magnetization. At a critical voltage of around 
-100 V a reversal in the magnitude of the coercivity 
. . 
occurs. This is probably as a result of onset of processes 
which promote closure domains on the surface of the films. 
One such an occurrence could be the collapse of the 
columnar structure, possibly leading to a reduction in 
grain orientation (in the way indicated by (00.2) X-ray 
intensity measurements presented before) leading to a 
reduction in the magneto-crystalline uniaxial anisotropy. 
This weakening of the anisotropy could facilitate the 
formation of closure domains [137] The other could simply 
be the extent of er dilution which, as was mentioned 
previously, could effect both the magnetic and microstruc-
tural properties of the films. It will be, therefore, 
interesting to observe the effect of er content of the 
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films on the surface coercivity in the next section. 
It is noted that there is a slight difference in the 
bias voltage where the two .coercivities peak. This is 
again a possible effect of volume and surface inhomogen-
eities. 
The variation of surface coercivity and remanence 
against Cr concentration for the case of -120 V bias is 
shown in figure(13.4), with the VSM measurements presented 
again for comparison. This graph shows that the occurr.ence 
of reversal is indeed er· content dependent. This is a good 
representation of the way in which the magnetization is not 
uniform throughout the film. Where the increase of er 
content above 17% was seen in a previous chapter to lead to 
degradation of perpendicular orientation of the columns, 
and so to a reduction in volume coercivity and remanence 
(VSM measurements), the same magnetic parameters for the 
surface continue to increase. 
13.4 -Comparison between the surface and the 
substrate interface properties of CoCr films 
We have already seen that polar Kerr effect can be 
used effectively to obtain hysteresis loops of the surface 
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of the films. Application of the same technique to 
obtain hysteresis loops of the film-substrate interface is 
more complicated in that, even if the film can be physica-
lly separated from its substrate, it will inevitably lose 
its flatness, leading to a scattering and divergence of the 
laser beam, however much effort one makes to ensure that 
the film is adhered flatly on its supporting base. Further 
more, it is not at all evident that the film will retain 
its unique magnetic characteristics after such a 
separation. 
However, these measurements can be extended to the 
film-substrate interface without a need for separating the 
films if a transparent substrate, such as glass, is 
utilized. The problem that will then arise is that the 
glass will introduce a Faraday rotation of its own to the 
polarized laser beam and therefore, has to be subtracted 
from the final signal to obtain the Kerr rotation due to 
the magnetic film alone. To reduce this extraneoous 
Faraday rotation, CoCr films were sputtered on thin glass 
cover-slips , as the rotation here is proportional to the 
medium thickness. 
13.5 - Measurement of saturation maonetisation of 
---------------------------------------------------------------
Figure (13.5) shows the dependence of Kerr rotation, 
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{j> k, and the saturation magnetization on the Cr content of 
the films. Here, {j>k was measured by placing a home built 
Faraday rotator, figure(l3.6), between the reflected beam 
from the sample and the detector. 
A Faraday rotator, figure(l3.6), works on the basis 
that when a plane-polarized light is sent-through.glass in a 
direction parallel to the applied magnetic field, the plane 
of vibration is rotated. The amount of rotation observed 
for any given substance is proportional to the field 
strength B and the distance the light travels through the 
medium. The rotation can be expressed by relation 
where B is the magnetic induction in tesla, £ is the 
length in meters, and 0 is the angle of rotation in 
minutes of arc, and " is the Verdet constant of the 
material, defined as the rotation per unit path per unit 
field strength. The material used was a 0.05 m long piece 
of Skan SF 57 glass with a Verdet constant of -68 
min/Oe/m. If a solenoid is used to generate the magnetic 
field, then the above relationship can be expressed 
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i.e. a linear relationship between the current in the coil 
and the rotation. The number of turns on the solenoid was 
1000. 
The application of a magnetic field to the sample 
will result in a Kerr rotation. The Faraday rotator is 
then employed to effect an equal and opposite rotation 
(this is done by increasing the current to the solenoid 
until a null point, or zero signal, is reached). The 
rotation thus registered will give the value of the Kerr 
rotation. 
13.7 -Comparison between saturation magnetizations 
-----------~-----~---------------------------------------------
of the surface and the substrate-film interface 
From the figure (13.5) it can be concluded that the 
polar Kerr rotation angle of CoCr films is an alternative 
method to the saturation magnetization measurements. The 
rotation signal can hence be used to compare the saturation 
magnetization of the films. 
Figure (.13. 7 l shows three kinds of rotation obtained 
from bias-sputtered CoCr on glass cover-slips. The 
film-glass interface rotation represented in (a) is the 
polar Kerr rotation of the film plus a small, negative, 
Faraday rotation contribution due to the glass substrate 
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Figure (13 . 7) . (a) The magneto-optic rotation agaist the 
applied field for the glass - film interface ; (b) the 
polar Kerr rotation of the film surface and (c) 
the Faraday rotation of the glass cover-slip . 
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shown in (c). Despite this subtraction even, the Kerr 
rotation from the back of the film is still much greater 
than that of the front surface of the film represented by 
(b), h~nce the saturation magnetization of the film-glass 
interface is much greater than that of the surface, so much 
so that even a field of 10 K Oe has difficulty saturating 
the film, as depicted by (a). It should be pointed out 
that the rather noisy loops of (a) & (c) are due to the 
depolarization of the light as it goes through the glass. 
Here, the Faraday loop (c) was obtained when a thin layer 
of gold was evaporated on the cover-slip which would act as 
a reflector without having any magnetic rotation of its 
own. A similar difference in rotation was obtained for 
unbiased films. The coercivity of all the back layers was 
found to be smaller than 200 Oe. 
To ascertain whether the difference between the 
front and the back of the film is due to the change in the 
Cr content of the two respective layers, small film flakes 
which had been separated from their substrates were 
analysed for their Cr content using X-ray microanalysis. 
Table (4) shows that there is no appreciable difference 
between the er content of the front surface and the back 
layer of the films each sputtered under different 
conditions. The difference in Ms between the surface and 
the back of these film can therefore only be attributed to 
the chromium segregation i.e. the lack of proper alloying 
of Co and Cr. Segregation around the column boundaries for 
-215-
Sample Bias Front Back 
(V) At.% Cr At.% er 
eo er -100 16.23 16.80 
CoCr 0 16.54 16.7 0 
Table ( 4 ) • Variation between the front and the glass-
interface Cr content of CoCr for biased and unbiased films. 
(Measurements made by X-ray micro-analysis method) 
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the glass-film interface is discounted as no columns could 
have yet developed in this initial layer. Besides, the 
process of segregation takes place through diffusion of the 
adatoms on the surface of the growing film, and this 
necessitates the provision of adequate thermal energy. It 
is doubtful that what is practically a cold substrate is 
able to supply this energy. It is more likely that in the 
initial stages of film growth, the adatoms, on arrival on 
the substrate, condense instantly, preventing the CoCr 
alloy from mixing adequately. It is only at later stage of 
film growth when the deposition environment has acquired 
sufficient thermal energy that segregation becomes a likely 
process. 
This was confirmed when two films were sputtered 
with identical sputtering parameters except that one of the 
substrates was heated to 230 degrees Centigrade during 
sputtering, the heated substrate yielded the biggest 
difference between the front and the back layer, indicating 
that heating the substrates does indeed lead to er segrega-
tion, although not necessarily around the column 
boundaries. 
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CHAPTER J'f -
Optimization of the· underlayer and 
the recording experiment 
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It was mentioned in the introduction that to reduce 
the magnetic reluctance of the recording-head's air gap, a 
composite anisotropy recording medium· was invented [139]. 
In this way a marked decrease in the saturation recorded 
j'IYI 
current was obtained after a 0.5~Ni-Fe was r.f sputtered as 
an underlayer for Co-Cr films [140]. In the remanent state 
too, it is argued, the Ni-Fe, with its in-plane anisotropy, 
acts to increase the magnetization by decreasing the 
demagnetizing field through rotating the magnetization 
vector from the perpendicular to the plane of the film, 
hence helping to close the flux lines. 
A Ni7;- Fe21 alloy target was used for these 
experiments. At this composition a high permeability of 
the underlayer is expected since the magnetostriction and 
the crystal anisotropy constants are small, figure (14.li 
[85]. A low value of K decreases domain-wall energy, and 
inclusions then become less effective hindrances to wall 
motion. A low value of A means that microstress similarly 
becomes less effective. 
Sputtered Ni - Fe possesses an f.c.c crystal 
structure with (111) prefered orientation [140.5]. This 
orientation is a favourable starting base for the 
subsequent Co-Cr base because it allows epitaxial growth 
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- 220--
[141, 142]. In fact evidence of heteroepitaxial growth of 
Co-Cr on permalloy was obtained by Uesaka [143] when he 
determined that the smallest atomic spacing in the f.c.c 
(111) plane of permalloy is only 0.02 angstrom less than 
that of the h.c.p (00.2) plane of eo-Cr. 
14.1 -Results and discussion 
-----------------------------------
Ni-Fe at a rate of 260 angstrom/min. was bias-
sputtered on glass and silicon substrates in a unidirec-
tional magnetic field of 400 Oe. Figure (14.2) shows the 
variation of the coercivity versus the sputtering bias for 
films sputtered on glass. A maximum coercivity of 800 mOe 
is obtained in the easy direction when bias sputtering at 
80 V. In view of the fact that comparatively high values 
of coercivity ~~~ recommended as a means of reducing the 
underlayer's noise contribution [144, 145], this bias value 
was adopted for all our subsequent Ni-Fe sputterings. 
It should be pointed out that this method of 
sputtering yields anisotropic magnetic parameters for the 
underlayer, whereas for a recording disc those parameters 
should be at least axially symmetric, if not totally 
isotropic. This problem is not undertaken in this work. 
One suggestion to achieve magnetic isotropy is balancing 
the magnetic field induced anisotropy with the angle of 
incidence anisotropy induced as the disc is made to rotate 
while Ni-Fe is being deposited [146] . 
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- 140 
In any magnetic recording system which employs a 
magnetic medium and magnetic head, the ability to record as 
well as replay is, in the first place, conditional on 
placing the recording head in very close proximaty to, if 
not in contact with, the medium. This poses little problem 
for the kind of media which are on flexible substrates, as 
the head would then be able to make actual physical contact 
with the disc without any detrimental consequences. How-
ever, such an intimate contact for hard discs would lead to 
certain head-medium crash, especially when considering that 
discs are likely to rotate at speeds of upto 450 inches per 
second and beyond. A compromise solution for hard discs is 
to fly the head a few micro-inches over the medium. This 
would then set very stringent limits to the surface 
roughness of the disc, the medium and the head itself. 
Figure (14.3) shows the extremely low surface 
roughness of the polished soda-lime glass discs used. This 
data was obtained using a "Tally Surface" equipment with a 
0.5 micro-meter stylus. 
The Winchester discs were fabricated in a class 1000 
particles-per-cubic-feet clean room, since even the 
c1 
smallest dust particle embed
11
ed in the film would increase 
the risk of head crash. Considerable care was taken to 
-223-
5 
~ 
4 • 
§ 3 ~ 
X 
2 
1 
0 
0 2 6 8 
X 106 A 
Figure (14 . 3) . Surface roughness of glass discs as 
measured by a Tally-Surface with a 0 . 5 micron stylus . 
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ensure that no physical damage was inflicted on their 
surface during deposition process. 
A 200 angstrom thick layer of Si02 was sputtered on 
the discs which, in addition to lubricating the film, acts 
to protect the CoCr layer from atmospheric corrosion. 
Figure (14.4) shows a Winchester disc comprising of 
bias sputtered CoCr (0.5 micron)/NiFe (0.5 micron) sputter-
ed on a soda-lime glass substrate. Figure (14.5) the 
frequency response of the disc when a thin film head with a 
longitudinal field was used for recording and play back, as 
no suitable thin film perpendicular head is yet available. 
It was hoped that there would still be suff ic.ient 
perpendicular field to effect the required flux reversals. 
. . . 
The fall in the reproduced signal at high frequecies is 
attributed to this choice of head. 
In figure (14.6) the variation of the reproduced 
signal against the radius of the disc when the recording 
frequency was 2.5 MHZ is shown. The reduction of the 
signal at reduced radii is not due to medium inhomogen-
ities, but more the result of effective reduction in the 
head-medium velocity. 
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Figure (14.4) : The Winchester disc , with CoCr/NiFe 
media sputtered on a glass disc . 
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Conclusion 
1) Since the start of this project in 1985, the 
interest in CoCr as a medium with perpendicular anisotropy 
has declined in many countries but many problems associated 
with the fabrication of a perpendicular head are now being 
~e 
overcome, and prototypes of~working high density recording 
systems using Co-Cr Winchester discs and thin film heads 
have been on display in many exhibitions. 
2) For my part, CoCr films with good perpendicular 
anisotropy were successfully deposited. The perpendicular 
anisotropy, as indicated by Hk, showed a maximum around 
16 at.% er, with a corresponding minimum in in-plane 
remanence and perpendicular coercivity. 
3) Bias sputtering led to a marked improvement in the 
perpendicular orientation of the films around -100V bias 
field. The magnetic properties as measured by perpendic-
ular remanence and coercivity showed an improvement, with 
welcome detrimental effects on the in-plane parameters. 
The the columnar morphology of the films, as depicted by 
the S.E.M. photographs of the sputter-etched films, showed 
an improvement at around that bias voltage too. 
4) There are three schools of thought regarding the 
possible cause of the above improvement; a) supply of 
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additional thermal energy to the growing film, aiding 
diffusion of newly arrived adatoms on the surface of the 
growing film leading to a better crystal structure, b) 
increasing the re-emision coefficient and thereby removing 
atoms which are awkwardly positioned __ < in the lattice, and 
c) preferentially removing contaminants, in particular gas 
impurities, from the growing film leading to a reduction in 
the gas contents of the films. Of these, (a) could not be 
proved as no noticeable temperature increase when bias 
sputtering could be measured, even though the temperature 
sensor was of a very low thermal mass and that it was 
placed directly on the surface of the substrate, therefore 
facing the glow discharge. Also (b) could not be experime-
ntally proved, except that there was indeed a small 
difference in the sputtering rate of biased and unbiased 
films, indicating that there was some re-emision factor 
V 
involed, but whether this is the cause of improvement in 
11 
the quality of the films when bias sputtering cannot easily 
be proved. It leaves (c) as the most likely candidate for 
the observed improvements. Indeed there was a noticeable 
reduction in the harmful species of nitrogen as measured by 
T.E.S technique. Although this was followed by a correspo-
nding increase in the argon contents of the films, argon, 
being an inert gas, is not thought to participate in the 
crystallographic structure of the growing film, as nitrogen 
does. 
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5) By intentionally introducing gas impurities of 
oxygen, nitrogen and hydrogen into the chamber, it was 
learned that oxygen, even in smallest quantities, had a 
drastic effect on the crystal structure and magnetic 
properties of the films. Nitrogen proved to be just as 
harmful for the perpendicular anisotropy and the 
orientation of the films when introduced in the deposition 
environment. However, 
when small amounts of 
sputtering environment. 
there appears to be an improvement 
hydrogen is incorporated in the 
This is possibly the result of 
hydrogen combining with more harmful species, such as 
oxygen and nitrogen, and forming more manageable compounds. 
6) Substrate heating did not, in my case, prove 
beneficial, probably due to an increase in the amount of 
desorption of occluded gases in the substrate surroundings. 
Using silicon as a substrate, too, did not yield the 
magnetic and structural benefits that a conducting, 
crystalline, substrate is claimed to. This has also been 
observed by some other authors. 
7) A polar Kerr effect system with a LfSdb SIN ratio, 
for measuring magnetic properties of CoCr films sputtered 
on NiFe underlayer was constructed This instrument was 
further used to successfully compare the volume, surface 
and the back layer perpendicular magnetic properties of 
CoCr films. When used in the transverse mode, however, the 
S/N ratio of the instrument was not too impressive, 
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although it was sufficient for approximate values of 
in-plane coercivities to be extracted. 
8) Regarding the actual final product, the surface of 
the CoCr/NiFe films was of sufficient smoothness for a head 
to fly at a distance of 10 micro inches quite successfully. 
The surface texture of the glass disc was obviously equal 
in merit. The actual density of the recording experiment 
was not as high as one hoped, probably due to the tentative 
use of longitudinal head. This remains to be investigated 
by a series of recording experiments. 
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The Influence of Kitroaen and other saaea 
~n the Maanetic Propartiea of liaa-aputtared Co-Cr 
Perpendicular Films for Computer Memory application• 
D.J. Happa, K. Mahvan and M.A. Akhtar 
Dapt of Electrical and Electronic !n&inaering 
Plymouth Polytechnic, Plymeuth, U.K. 
Abstract 
This pape r investigates the effect of negative bias 
on sputtered CoCr layers for hard-disc memory 
applications . Negative bias can significantly 
imp r ove the C-axis orientation and the perpendicular 
magnet i c properties . Oxygen and Nitrogen i n part ic-
ula r degrade the des i red propert ies but Hydrogen can 
have a benef icial effect at lov concentrat i ons. 
Introduction 
Following the interaat in Co-Cr thin-filma aa auit-
able .. dia for perpendicular racordina . reaulta are 
presented shoving the influence of impurity aaaea on 
films produced by R-F aputterin& under negative bias 
coyditions . This followa racant work by Iwasaki at 
al vbo amphaaiaed the importance of impurity 
aases , especially nitroaan, in aputtarina films on 
polyaide flexible baae films . Kitroaan haa 
previo~sly bean found to be detrimental by Couahlin 
at al and its preaanca ia aivao aa one of the main 
reaaona for the need to aputter froa low baae 
praaaurea. Tbe role of oxyaen in berd-aubetrate §ilaa 
bea been reported by Thoepaon and Stevenaon wbo 
found a peak in in-plane orientation vitb oxyaen and 
a sharp decline in 20 (00.2) intensity above a 
concentration of about 10 atoma/cc. 
The uae of aubatrate neaative biaa voltaae in 
ma&netic fila production ia interaatiDI becauae it 
may prov i de good perpendicular orientation films from 
bi&her base praaaurea •• may be used in commercial 
aput~erina equi~nt. The paper by Taaaahita ·~ 
al , for inatance, above a peak in (00.2) orienta-
tion at a biaa in the raaion of -80 volts . Thia 
laada to the preaent work where va inveatiaate how 
naaativa biaa voltaaa affacta the properties of CoCr 
films and report the affect of nitroaan, oxyaan and 
hydroaen under naaativa biaa cond itione. 
u 
.:; ~ a>2J ~tensily 
;J j 
I -1 
.. 
liOO 
16 
0 -eo -liO -2£0 
Figure 1. (00.2) X-ray i ntanoity, Ms ~nd Cr con tent 
ve r s us negat ive suba~rate bias voltaae . 
Exper iment~! Detail s 
Co-Cr f ilms vere R-F sputt ered on Corn i ng 7059 glass 
substrates in a Nord ico NM-2000 system. The t~rget­
to- substrate dist ance was fixed at _J c m and the 
chamber evacuated t o bet ter t han 2 x 10 torr. 
Sputtering pover waa maintained at 0 . 8 kV aivin& a 
deposition rate 250 A/min in all cases to produce 
films 0 . 5 um thick at an argon plasma pressure of S 
mic rons. Argon pressure was adjusted when impurity 
bases vere introduced for the pl&sma pressure to 
total S microns. All gases used were high quality 
grade (99.99%). The target vas 8" dia cobalt on 
which 1 cm pieces of Cr vera h!xaaonally arranaed to 
obtain a uniform composition . Utilisation of a 
large t a rget also leads to uniform composition and 
thickness. 
Fila compoaition and aaanetic propartioa vera .. aa-
urad uaina X-ray aicroanalyaia and vibratina oaaple 
maanatomatar raapactivaly. Tho dapoaition temperature 
vaa meaourad with a low t .henoal ma .. than110couplo on 
the aurfaco of • ala•• aubatrato. Thia ••••• direct 
meaaurament of aurfaca taaparatura, 
t 
~ .. ,,....,_ 
oL-~o----------10~~------
Figure 2. Some in-plane and perpendicular maaootic 
propartiaa voraua naaatlvo aubatrato biaa 
voltagaa . 
Experimental Results and Discus sion 
Fi&ura shove the variation in (00.2) orientation 
vlth substrata naaativa biaa voltaao . Thia roach•• a 
sharp peak at about -80V. Over thia ranaa , the over-
al l chromium content ataya aubatantially constant at 
16 At% but the saturation aaanatiaatlon H
8 
fal1• in 
a similar way to that r eported by Taaaahita at al . 
Thia baa been attributed to a te.peraturo-dopandent 
searegation of Cr at column boundarioa when there is 
no biaa, iaplyina that biaaina load• to a .are uni-
form d i stribution of Co and Cr atoma. A aignif i cant 
temperature chance for our film& , bovavar, was not 
detec ted so it ia aaaumad that this affect ia limi ted 
to t he firot few atomic layora. 
If biasin& does indaad lead to a temperature 
increose, it could cauae the daaorption of impurity 
gases , thereby improvin& the quality of t he films . 
It has been shown that intense ion bombardment in 
bias- sputtering c an suppress the development o f 
inter - columnar voids affec tin& t he quantity of en-
trapped gases 7. Biaain& could ~lso result i n the 
preferential r e-sput teri ng of the Impurity atoms from 
the substrate , thus reducina the number of defects 
and stacking f aults caused by these i mpur itiea . 
0018·9464187/ Q900.Z473S0t.OO© 1987 IEEE 
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To understand at which staae of the columnar growth 
bi~•ing is more important , a aimple experiment v~s 
carried out ID which the biaa was switched OD at 
various staces of the film crovth. It vas learned 
that biasin& vas more effective vhen applied in the 
iDitial staaos. 
Flaure shows aome corresponding magnatic proper-
ties for tha films of t i cura 1. The results shov, 
within craphica l error, perpendicular coarcivlty and 
remanence ratio reachln& maxima with orientation at 
the same time a s the in-plana values are minima. The 
peaks are sli&htly broader and shifted sllchtly 
lndlcatinc that orientation is not the dominant and 
only factor influancina coercivlty. To take account 
of this a best viaa voltaaa value of -IOOV vas chosen 
tor the impurity caaos oxparimanta . 
...; 
u 
Flaure 3. The influence of Ditroaon on in-pl&Do and 
perpendicular oriantationa, H
1 
and Cr 
coDtent, Ilea voltaaa • -lOOV. 
Fiaure sbowa bow the praaenca of Ditrocan destroys 
the b . c . p._6oriantation above a partial pressure of 
about 2x!O Torr. Thia alao raproaanta a minimum 
in Ha . The Cr waa aputtarad from a conatant area 
aouzca of 21% but thb tranalatad i .nto .., At% raduc-
tioD •• Kitroaen pa rtial praaaura incraaaed . H 
could be expected to riaa because of creator Atf 
cobalt and not necessarily because of greater chrom-
ium socrecation. Thia Cr dacraaae could be duo to aD 
incraaaa in poaitive ioD danaity from the additional 
nitrogeD atoma laadiD& to prataraDtial ro-sputter.i D& 
of chromium atom. in the Decativa bias field. 
ID Flcuro 4, ~ reducaa rapidly with iDcroaae in 
nitro&eD contoDt. At the aama time an in-piano 
orientation ia developed aa indicated by the iDcrease 
in in-plaDe rom&Dence ratio. There is a corresponding 
decrease in perpendicular rem.nence ratio and an 
expected decrease in perpendicular coerclv lty . 
The effect of controlled amounts of oxycen on the 
o rientation of bi as-sputtered films is shown i n 
Fig . S. Although oxygen did not yeild as much f.c.c. 
phase as nitrogen, its affect on the perpendicula r 
orientation of the films was seve re . The results tend 
to be in aaraoment vith those of Thompson et al wh i c h 
shov ( in the X-ray iDtensity results ) a peak in the 
in-p l~ne orientation with increasing oxygen content. 
ID Fi&ure 6, for nitrogeD, tho disappearance of 
perpend icular coercivity and <emaneDce is followed by 
the appearance of a strong, in-plane remanence . 
HydrogoD lmprovaa the perpendicular orieDtatioD of 
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ricuro 4 . Tbo iDfluenco of Ditroaon on tho maanetic 
propert i es o! the films of Ficuro 3. 
:r~4 
fil)l t 
t g 
0 g 
·-·--...... / · ,-(100) 
\ 
\ 
Figure 5. The iDflueDco of oxyaan OD in-plaDo perpen-
dicular orioDtatioDa . Bias voltaaa • -lOOV. 
t t 
0·2 
partial press. (torrl 
Figure 6 . The influence of OxygoD OD tho magnetic 
properties of tho filma of F igure 5. 
the films whoD iDtroducod in small quantities (Ficure 
7) . The raoults shov o ohorp poak tor (00.2) orient-
atioD coupled vith a docroaso iD the iD-plane value . 
For thia pu.pdovn, tha iDitial value& ara lover 
because of the impurity aaaea of N2 aDd o2, iDtroduced to the chamber exceed that of H at auch 
low partial preaauraa, but the effect of hyiro&eD ia 
still to compeDaate for the additioDel impurity 1a••• 
of_ 6N2 and 02 and produce optL.ua conditione at 10 Torr partial preaaura of hydro&eD. 
?:-
·u; lii 
ea. 
.!!!u 
.s-
,--.... 
J I. 10 
t 1 ~ s g 
3 
-'() 
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Fiaure 7. The iDflueDce of hydroaeD oa iD-plane per-
pendicular orieDtatioa. liaa voltaaa--lOOV. 
Oaa poaaible explanation ia that hydroaea, itaelf 
eaaily evacuated by the diffuaioa puap, could help 
the removal of other reaidual aa••• by reduciD& the i r 
mean free patha throu&h colliaioD. Alterna- tivaly i t 
could coabiDe vith difficult aa••• like oxyaeD and 
aitroaaD, for.iD& aanaaeabla compounds . 
At hi&her partial preaauraa , hydroaaa cauaed improve-
meat of tha iD- plaDa component of film orieatatioD ia 
a at.ilar vay to aitroaaD aDd· oayaaa. 
Fiaura a ahowa the maaaatic charactariatica of film& 
sputtered ia hydroaaa-araoa plaama . The perpendicular 
coarcivity and r..aDeaca-ratio peak at about the aama 
raaioa •• the (00 .2) oriaatatioa ia fi&ure 7. The in-
plana ramaaeace ri••• sharply aa hydfo&ea partial 
preaaure ia iacraaaad . tvaaaki et al , ha•• Indi-
cated that the preciee role of hydroaan i a not known 
becauae there waa no evidence of hydroaen Inc l usion 
in their fil... Tbe machaaiaa by which hydroaen 
coatrola fila baha•iour la yet to be diacovered . 
A &&Deral summary of the effect& of varioua aa••• aad 
substrata bias can be seen f rom fi&ura 9 . It is noted 
that filma with no biaa reault la ao lataaaity peaka . 
It !~• found that the f. c. c . pbaae la predoaiaaat at 
6x1 0 torr aitroaaa partial preaaura . Hydroaea and 
oxyaaa, behave ia a aiailar maaaar vith atroaa (10 . 0) 
&ad ( 10 . 1) orienta tion and a .uch reduced (00 .2) 
orientation. f . c.c. phaae vas not apparent for this 
partial preaaure for H2 and 0 2 . The moat 
al&aificaat peak ia in the (00 . 2) orientation under 
lOOV aaaative blaa . 
ConclualoDa 
Necative oubstrate bias can have a subatant i al be ne-
ficial effect oa chrome-cobalt f i lms for pe rpendic-
ular recordin&. A biaa of about -80V corresponds 
with a sharp peak i n perpendicul ar ori entati on ond • 
broad poak i n perpendicular maanetlc properties i s 
seen around - IOOV. Nitro&en and Oxyaen daarade the 
films but lov concentrat i on& of hydrogen can Impr ove 
the propert l ea , possibly aa a result of combini na 
vith ot he r impur ities to produce more manageable 
compound a . 
' 
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Fiaure a. The influ&DC& of hydro&•D OD tbe ... Detic 
propertiea of the fil .. of fiaure 7. 
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Fiaura 9. VariatioD of X-ray dlffractioD acana with 
biaa coDditioDa aad aa• URpvrltlea. 
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Abatract 
Thia paper deacribaa a Karr aaanato-optic affect 
apparatua for .. aaurin& in-plana and perpendicular 
aacnatic propartiaa of Co-Cr coated computer 
diaca. A coabinad differential aaplifiar, phaaa-
aanaitiYa detector technique waa uaad to achieve a 
aicnal-to-noiaa ratio of 46 dl in the parpaadicular 
ayat... Co.pariaona are aade with v.a.a • 
.. aaur ... nta aad raaulta praaaatad for 5.25" 
Vlacheatar diaca. 
Iatrooluctioa 
Kerr-a.aaeto-optiC ayat ... haY& heaD 8U1188tad aa a 
&ood eubatitute for coa•aational aacnatoaetara when 
raquirioc K-H lyoya froa a Co-Cr perpendicular 
racordinc mediua ' . Thia can provide a direct 
aacnatic aaaauraaant of Rr-aputtarad Co-Cr on an 
Ni-Fa undarlayer without the Ni-re ovarwhelain& the 
aa&aetic inforaation froa the Co-Cr . It haa alao 
tha potential of balD& uaed aa a aoa-daatructive 
aetbod for .. aaaain& the aaaaatic uaiforaity of 
thin-fila coated floppy or Viachaater-type coaputar 
diaca. In addition, it la capable of .. aaurioc 
tba aacnatic propartiaa of ... 11 araaa of the 
.ediua, aaainat the laaa raaliatic, averacad lar1• 
area aoalyaia offered by Y.S.K. 
A aora coapleta analyaia of propertiea ia poaaibla 
if lD to-plana aa wall aa perpendicular· aacaatia-
atioa ia coaaidarad and thia ia poaaibla if both 
polar aad traaavaraa Karr-affact ia uaad . 
A Mthod of obtainioc the tranavaraa aad JCarr loopa 
withto the .... apparatua la daacribad to thia 
pAper. 
!!pariaantal Detail• 
Iaitially, it waa coaaiderad that drivin& tha thin-
fila diac with aa a.c. field would produce accurate 
reaulta. Thia approach , however, auffara froa 
induced eddy-currant• in the aluainiua laadin& to 
difficulty in calibration of the field and 
praaantin& tha poaaibility of a phaaa-ahift in the 
Karr-affact laadin& to an inaccurate eoercivity 
Maaur ... nt. In addition, there la a phaaa-ahift 
in the Karr-affeet due to the aaaneto-optie 
interaction . Thaae problama ware eliminated by 
uain& a near d . e. field but detection with d.c. ia 
difficult because of senaor temperature affects, 
mechanical vibration and laser intenaity fluctu-
ation. For this reason it vas decided to use a 
c ombined differential/phase-locked loop method for 
the detec~ion system. 
Thin-film Preparation 
83/17 atl Co-Cr filaa, 0.5 ~ thick ware dapoaited 
on to 81/19 Atl Mi-Fa filaa , 0 . 5 ~ thick, OD 
Aluainiua diaca with optically finiahad eurfacea. 
ea piaeaa of Cr ware hexaconally arran1ad on an 
8" diac to &iva the .axU.W. uniforaity iD the 
daairad co.poaitioa. A biaa of -10 volta waa 
applied to the aubatratea to i8prova the 
-perpendicular orieatation of the Co-Cr (3), and the 
filma were dapoaitad at Rr power and Ar praaaura of 
800 watta and 5 atorr raapaetivaly, &i•in& a 
dapoaition rata of approxiaataly 250 1/a. The 
eoapoaition of the filaa ware analyaad by 
alactro-proba X-ray micro analyaia, and the film 
thieknaaa wee .. aaurad uain& a Tally-atap. 
Filaa of the .... Co-Cr but without an undarlayar 
ware alao dapoaitad for Meaur ... at by V.S.K. 
Fi&ura 1. The aacnato-optie ayataa. 
Kaanato-Opt i e Syataa 
Ficura ahowa a aehaaatic diaaraa of the 
aacaato-optie ayatea. A 3 8W KaTH• laaar ( • 63281) 
waa uaad aa our li1ht source. Bavioc paaaad 
throuth a lsl aark-apaca ratio chopper, the baaa 
waa thee aplit iato two beaaa of equal aaplitudaa 
by a non-polarizin& baaa aplitter. The polarizara 
P3 u.d P4 aarva to adjuat the aaplituda of the 
reference baaaa, whereaa that of 'i u.d p2 
detect an7. rotatioa of the plana of polar cation in 
the polar ease, and a Mana of adjuatina the 
intensity of the baaa in the la-plana mode. The 
alactro aacnat auppliaa a parpaadieular field of up 
to 10 K Oa la the critical racioa of the disc. 
The polarizar r 1 was intentionally placed after the baaa-splittar to miniaise depolarization of the 
li&ht beaa. 
The pole shapin& for perpendicular fields was 
arranged to achieve maximum uniformity of field 
( Figure 2) . The removal of the centre pole C and 
the reversal of the current in one of the coils 
supplyin& t he side poles A or B changea the 
apparatua from polar to tranaveraa Karr-effeet . 
In this arrangement the frin&a fialda ware used to 
maanet ize the film tranavaraa to the plane of 
incidenca of the laser. The field was calibrated 
and conforaa in amplitude and ap&tJal distribution 
to the Karlquiat approximation (1). In th~a mode 
the laaar anal• of incidence waa at 65 . To 
maxiaisa the arro-alactrie affect , the lilht .... 
waa P-polarizad for in-plana aoda. Tba an&l• for 
aaaauramant of perpendicular propartiaa waa choaan 
aa 5o. 
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fiaure 2. Shovin& the arrancement of the pole 
piece• and macnetic field linea for 
the 'perpendicular' case 
The Electronic Detection Syate• 
A larc• 
liaure 
ayat ... 
effort vaa made to opti•i~e S/N ratio. 
3 illuatratea the electronic detection 
Fiaure 3. Schematic diacram of the electronic 
detection ayatom 
In order to reduce the laaor noise a 'differential 
method' vas employed in which the transmitted and 
the reflected boame are detected separately and the 
noisoa are cancelled eloctricelly at a differential 
D. C. amplifier . However, thia .. thod alone la not 
effective onouch for obtainina sufficient S/N ratio 
due to the ubiquitous proaonce of shot noise which 
is not cancelled by differential method. 
Therefore a modulation technique vas utilised to 
efficiently reduce the ahot noiao. The phase 
sensitive detector (p. a.d. ) .. aaurea the difference 
voltaco of interest by usina a aynchronoua refer-
ence voltaco derived from the input modulator . 
Detection with respect to synchronous reference 
oneblea the uao of very lona avoraaina timoa for 
the purpose of S/N ratio improvemont . Apart from 
the incidental pick-up and interference, the noise 
level due to thermal noise alone vas several milli-
volts peak-to-peek vhila our aianal of interest had 
an amplitude moaaured in •icrovolta makinc the 
employment of p.s.d. neceaaary. Vhen the signal 
output from the differential ampl i f i er and the 
reference signal of figure 3 is precisely in phase, 
t hey change polarity in s ymmetrical fashion, and so 
bring about full-wave rectif i cation of the sianal 
at the switch output. The output of the switch i s 
then applied to the lov-paas filter which smooths 
out the r i pple component and delivers a .d . c. 
voltage which is proportional to the amplitude of 
the s i gnal . Using this method a final S/N ratio 
of 45 dB was achieved. 
-2S .S-
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The reference aianal vaa pbaae locked . to the 
chopper which ran at 375 H~ . 
Since thia method 
the magnets vore 
0 . 2 Hz . 
Experimental Results 
requires a larae ttm. conata.Dt, 
driven at a low frequency of 
Several s amples of Co-Cr f i l~ vere measured usin& 
vibrating sample maanetometer and Kerr 
techniques. ThR results, shown i n figures 4 and 5 
indicate close correspondence between the 
measurement methods for films of Co-Cr only (sinal• 
layer) but a divergence for double layer fllma as 
expected . The V.S . K. reaults for double layer 
fllma aive only an averaae asaaa ... nt of both fit.. 
toaethor , vhoreaa for macnotic recordlnc 
application• it la nocoasary to know the properties 
of surface Co-Cr layer only, banco damonatratina 
the advantaco of this mocnato-optic techniques . 
-10 -8 -6 -4 
~00 
Flc .4 . Magneto-optic and V.S.H. loops tor 
Cobalt Chromium f ilm with no under-layer 
4 6 8 1) 
-H(KOel 
Fi g . S. Loops as tor Figure 4 but wi th Ni-fo 
under-layer . 
f l gurea 6 and illustrate the variation of 
perpendicular coercivity , l onaltudlnal coercivity 
and saturation magnetizat i on of the double l ayer 
Winchester disk both t~ngentlally and radially . 
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liaur• 7. The radial varlatlou of coercivlty H 
and eaturatiou aaauetl&&tiou H • . c 
The uuifonalty la the depoeltlou profile •• offered 
by Hexagonal arransemeut of Cr piece& with 
coeparatlvely ... 11 Cr epacin& to tercet aubatrate 
dietance ratio, bee indeed yielded a uniform He . 
The coercivlty which le a function of both the 
thicluleu of the fillll& aud Cr couceutratiou &leo 
shove a cood consistency throughout the surface of 
the disc. 
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The uniformity la the deposition profile as offered 
by Hexaconal arrancemont of Cr pieces with 
comparatively saall Cr spacln& to target aubatrote 
distance ratio , has indeed yielded a uniform Ha . 
The coerclvity which ia a function of both the 
thickness of the films and Cr concentration also 
shows 1 sood consistency throuahout the surface of 
the diac . 
Concluaiona 
A combined trouaverae/perpeudicular Kerr-effoct 
ayetea hoe beau developed for aualyein& the 
a&&Detic properties Of CoCr OD double-layer dl&C&. 
The eicual-to-uoiee ratio le 45 dl aud the eyetem 
hae been ueed aucceeefully to iuveeticate the 
variation in aasnot ic proportlee over tbe ourface 
of sputtered disce. 
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ABSTRACT 
INVESTIGATION INTO PERPE.t-..'DICULAR ANISOTROPY 
COBALT-CHROHIUN FILMS WITH APPLICATION TO 
NINCHESTER COHPUTER DISCS 
by 
NADER MAHVAN BSc, MSc, 
RF-sputtered CoCr films have been characterized for 
a variety oi deposition conditions, and the most effective 
parameters which bring about perpendicular anisotropy have 
been evaluated. In particular bias sputtering has been 
noted for its role in improving the crystallograph{c 
orientation and magnetic properties when applied to the 
substrate at certain values, hence the root mechanism of 
the observed improvement has been, as far as possible, 
investigated. These investigations have, in particular, 
focused on the extent to which impurity gases are likely to 
effect the magnetic properties of sputtered films, as well 
as quantifying the gas contents of the films using as yet 
unexploited (in this area) method of thermal desorption 
experiments. 
In a further attempt to quantify tolerable level of 
impurity species in the sputtering environment, impurity 
gases of nitrogen, oxygen and hydrogen, which are commonly 
present even in high vacuum systems, were intentionally 
introduced in the sputtering chamber and their effects on 
both magnetic and crystallographic properties of CoCr were 
noted. 
To measure the perpendicular and in-plane magnetic 
properties of CoCr, a combined polar-transverse Kerr magne-
to-optic system was costructed, through which direct magne-
tic measurement of CoCr/NiFe becomes feasible. This method 
was further exploited to compare volume and surface magnet-
ic properties of CoCr, as measured using a V.S.M and this 
M-O system. 
Finally , a CoCr/NiFe Winchester disc was fabricat-
ed on which a recording experiment was successfully 
performed. 
